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0 Dilution and mixing cartridge. 



@ A dilution and mixing cartridge is provided that 
allows single (or multiple) dilutions of a sample with 
a diluent in a disposable cartridge in which a mea- 
surement, such as optical density, is made. Addition 
of sample to the device automatically measures the 
sample, and addition of diluent automatically causes 
a fixed ratio of sample and diluent to enter a receiv- 
ing chamber. In which mixing and measurement can 
take place. A number of preferred embodiments are 
^provided in which the diluent application site is lo- 
^cated at a vertical height below the sample applica- 
^•tion site, flow directing chambers are provided to 
U) control flow of desired volumes of sample or diluted 
00 sample at the appropriate locations in the device and 
C^to direct excess sample and diluent to waste loca- 
Wtions, or control means are provided at flow directing 
"chambers and other internal locations to verify cor- 
Orect operation of the device. 
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DILUTION AND MIXING CARTRIDGE 



This invention relates to methods and ap- 
paratuses used for diluting and mixing liquids, par- 
ticularly the automatic measuring and diluting of 
small volumes of Squids. 

There has been a recent period of explosive 
growth in the field of cfinical analyses intended to 
be carried out by unskilled users. Numerous ap- 
proaches have been developed which allow an 
unskilled user, such as a cfiabetic patient to deter- 
mine the presence and/br amount of an analyte in 
a sample, such as glucose in urine. The devices 
that carry out such analyses are generally Intended 
to be "user friendly - in that they require little 
training and are essentially fool-proof in use. Typi- 
cal of these devices are the so-called "dtp-sticks". 
These devices are plastic strips with a reagent- 
containing matrix layered thereon. Sample is ap- 
plied to the strip, and the presence or absence of 
an analyte is indicated by a color-forming reaction. 

While such devices have proven useful for the 
qualitative determination of numerous substances 
in biological samples, not all analyses can be car- 
ried out in this manner. For example, some tech- 
niques require dilution and/or mixing of small quan- 
tities of sample. Measurement of extremely small 
amounts (EG., microliter amounts) of Squid and the 
dilution thereof typically require significant training 
or the use of expensive equipment to carry out the 
dilution. Neither of these alternatives is convenient 
or easy to carry out 

Measuring and dilution of small samples of 
liquid is readily carried out in a number of auto- 
matic analyzers. However, these are not suitable 
for use in the home or in a doctor's office because 
of their size and expense. For example many de- 
vices are available in which a sample of liquid is 
drawn into a conduit which is in the form of a 
capillary tube that acts as a metering device. How- 
ever, this metering device is part of a large appara- 
tus containing pistons and numerous other moving 
parts, such as vacuum pumps, that are required for 
movement of the sample and diluent The precision 
with which such moving parts must be manufac- 
tured in order to retain liquid-tight seals signifi- 
cantly increase the cost of the device. 

As an alternative to large automatic analyzers, 
small hand-held micropipets, such as the wen 
known Eppendorf* pipet have been devised. 
These pipets utiBze a precision piston to draw 
sample or diluent into a small disposable tip. How- 
ever, skill is required in the use of the ptpet and a 
number of precise manual operations must be car- 
ried out to successfully measure sample and 
effluent 9dH is also required in mixing the resulting 
small-volume solution. 



Another technique that has been developed for 
the home uses a capillary tube to measure a sam- 
ple of fluid. The entire capillary tube is then placed 
into a large container which holds a measured 

s quantity of diluent or to which a measured quantity 
of diluent is added. However, such devices are not 
generally satisfactory in the hands of an unskilled 
user, since capillary tubes are easily broken and 
since contamination of the outside of the capillary 

w results in volume error. 

Accordingly, there is a need for simple and 
accurate methods and devices for measuring, dilut- 
ing, mixing, and analyzing small quantities of sam- 
ple. 

75 

Relevant literature 

West German published patent application 
20 DE3328964CJ, publication date February 14. 1965. 
describes a device for the automatic, discontinuous 
sampling of fluids using a capillary tube that acts 
as a measuring device and which can be either 
dipped into a fluid being sampled or alternatively 
25 moved into a position from which the sample is 
transported with a diluent to an analyzer by a pump 
or suction. U.S. Patent No. 4,454,235 describes a 
capillary tube holder for liquid transfer in im- 
munoassays. U.S. Patent No. 4,233,029 describes 
30 a liquid transport device formed by opposed sur- 
faces spaced apart a distance effective to provide 
capillary flow of liquid without providing any means 
to control the rate of capillary flow. U.S. Patent 
Nos. 4,618,478 and 4,233,029 describe a similar 
35 capillary transport device having speed and 
meniscus control means. U.S. Patent No. 4,428,451 
describes another similar capillary transport device 
including means for stopping flow between two 
zones, flow being resumed by the appBcaHon of an 
40 externally-generated pressure. U.S. Patent Nos. 
3,81 1 ,328; 3592,150: 4,537.747; and 4.598.780 de- 
scribe various processes and devices in which a 
capillary tube is used to take up a predetermined 
volume of the test solution and the charged capit- 
is lary is then placed in a cuvette or other container 
of liquid that is used as reagent or diluent U.S. 
Patent No. 3,799,742 describes an apparatus in 
which a change in surface character from hydro- 
phiBc to hydrophobic is used to stop flow of a small 
so sample, thereby metering the sample present U.S. 
application serial number 117,791, filed November 
5, 1987, and U.S. application serial number 
090,028, filed August 27, 1987, both of which are A 
assigned to the same assignee as the present ; ; • 
application, described a number of dilution and ' 
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mixing cartridges. 



SUMMARY OF THE INVENTION 



The present invention provides an improved 
self-contained dilution apparatus that does not re- 
quire the use of externally generated force (except 
gravity) to move liquids between its various parts 
and provide for reproducible dilution of samples. 
The apparatus can provide for a single dilution or 
for serial dilutions; i.e.. dilution of a sample with a 
first diluent followed by dilution of the mixture with 
the same, a second, or a further diluent When 
prepared in the form of a disposable cartridge, the 
cartridge housing contains sample receiving means 
for receiving a liquid sample, a flow directing 
chamber comprising an internal chamber in the 
housing, sample flow means for delivering sample 
from the sample receiving to the flow directing 
chamber, diluent receiving means for receiving a 
Squid diluent diluent flow means for delivering 
diluent from the diluent receiving means to the flow 
directing chamber, a receiving chamber comprising 
a vented internal chamber in the housing having a 
first volume, a measuring chamber comprising a 
vented internal chamber in the housing having a 
second volume smaller than the first volume, the 
measuring chamber connecting the flow directing 
chamber to the receiving chamber and being ca- 
pable of delivering sample and diluent from the 
flow directing chamber to the receiving chambers 
solely by capillary and gravitational forces, a stop 
flow junction located at the intersection of the mea- 
suring chamber and the receiving chamber, 
wherein the stop flow junction is adapted to the 
surface tension characteristics of the sample so as 
to provide sufficient back pressure resulting from 
contact between the sample and wails of the hous- 
ing at the stop junction to prevent the sample from 
flowing through the stop flow junction in the ab- 
sence of diluent but allowing flow through the stop 
flow junction when the diluent receiving means 
receive diluent and diluent enters the flow directing 
chamber, waste means for emptying the flow di- 
recting chamber after sample has entered the flow 
directing chamber and the sample has filled the 
measuring chamber, wherein the waste means op- 
erates by capillary and gravitational forces, where- 
by diluent added to the diluent receiving means 
after sample has been added to the sample receiv- 
ing means flow through the flow control member 
and expels sample from the measuring chamber 
into the receiving chamber, thereby causing a fixed 
ratio of sample to (fiiuent to be delivered to the 
receiving chamber. 

hi some embodiments, a second dilution of the 



initial mixture is provided by using a valve to con- 
trol passage of liquid from the mixing chamber to a 
hydrostaticaily connected mixture isolating cham- 
ber. In preferred embodiments, the mixture isolat- 

5 ing chamber is similar to the first series of cham- 
bers and flow means as described above, although 
other arrangements are also possible. 

A number of particularly useful embodiments 
are described that avoid a number of minor prob- 

ro lems associated with previous cfilution and mixing 
cartridges. 

BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will be better understood 
by reference to the following detailed description of 
the invention when considered in conjunction with 
20 the attached drawings that form a part of the 
present specification, wherein: 

Figures 1 is a vertical cross-sections of a 
first embodiment of the invention. 

Figure 2 is a series of four vertical cross- 
2s section of the embodiment of Figure 1 taken at 
locations A-A through D-D of Figure 1 . 

Figure 3 is a schematic diagram of a specific 
analysis scheme used In a device of the invention. 
Figure 4 is an expanded perspective view of 
30 a first flow directing chamber of the invention. 

Figure 5 is an expanded perspective view of 
a second flow directing chamber of the invention. 



DESCRIPTION OF SPECIFIC EMBODIMENTS 



The present invention provides an apparatus 
and a method by which small samples can easily 

40 be measured and diluted. The apparatus is small, 
convenient to use, and requires no moving parts for 
the movement of fluid, gravity and capillary action 
being sufficient to provide all fluid motive forces 
required for the sample measurement and dilution 

45 steps. The apparatus of the present Invention re- 
sembles dilution and mbting cartridges described In 
U.S. Application Serial No. 117,791, filed November 
5, 1987, and U.S. Application Serial No. 090,026, 
filed August 27, 1987. However, the apparatuses of 

so the present invention provide a number of improve- 
ments over the previously provided dilution and 
mbdng apparatuses, particularly in ease and secu- 
rity of operation. Among the specific improvements 
of the present apparatus are flow directing cham* 

as bers that provide flow of desired volumes of sam- 
ple (or diluted sample) at appropriate locations In 
the apparatus to a measuring chamber while direct- 
ing excess sample to waste looations, provisions to 
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allow the dilution application site to be located at a 
vertical height below the sample application site, 
and various control devices provided in the monitor 
into which the cartridge is inserted to verify correct 
operation of the device. 

As with the apparatuses described in U.S. Ap- 
plication Serial Nos. 090.026 and 117,791. the car- 
tridge of the present invention includes a sample 
application site, a diluent application ate, a mea- 
suring chamber, a mixing (receiving) chamber, var- 
ious channels to provide flow of liquid between 
parts, and, in the case of serial dikitors, a mixture 
isolating and measuring chamber and at least one 
valve controlling passage of fluid from the mixing 
chamber to the mixture isolating and measuring 
chamber. AO of these parts of the cartridge have 
been described m the indicated applications, which 
can be referred to for greater detail if desired. 

One of the key aspects of the present device is 
a flow directing chamber, a non-capiRary internal 
chamber which receives both sample and diluent 
and directs a portion of the sample into a measur- 
ing chamber while directly the remainder of the 
sample into a waste chamber. When diluent 
reaches the flow directing chamber, sample con- 
tained in the measuring chamber is axpefled into 
the receiving chamber, which then fills with a de- 
fined ratio of sample and effluent The flow directing 
chamber also allows monitoring of proper operation 
of the dikitor to an extent not previously possible. 

The apparatus of the invention can provide for 
a single dilution, as in the valveless dikitors de- 
scribed in U.S. application serial No. 090.026. 
Serial dilutions can be provided for using a valve to 
control passage of a portion of the initially obtained 
mixture into a mixture isolating and measuring 
chamber. This mixture isolating chamber can take 
any of the forms described in U.S. Application 
Serial No. 117,791. However, in preferred embocB- 
ments as described herein, the mixture isolating 
chamber contains essentially the same chambers 
aid passageways as the initial cfiluting pathway 
described above. All of these parts are described 
in greater detail below. The following detailed de- 
scription of the various parts of the apparatus is 
organized by following the course of action as a 
sample is applied to the apparatus and is diluted. 

The sample is a liquid and may be derived 
from any source, such as a physiological fluid; 
EG., blood, safiva. ocular lens fluid, cerebral spinal 
fluid, pus, sweat exudate, urine, milk, or the Ska 
The liquid sample may be subjected to prior treat- 
ment, such as preparing serum or plasma from 
blood or cfissoMng or suspending a soOd in a 
liquid. Examples of sample treatments prior to ap- 
plication to the apparatus of the Invention include 
concentration, filtration, distillation, dialysis, inac- 
th/ation of natural components, chromatography, 



and addition of reagents. In addition to physiologi- 
cal fluids, other liquid samples can be employed. 
Examples of other liquid samples include process 
streams, water, plant fluids, chemical reaction me- 
s dia, biological growth media, and the like. For the 
most part the liquid will be aqueous, although 
other liquids can be employed. Aqueous media 
may contain additional miscible liquids, particularly 
oxygenated organic solvents, such as lower al- 
to kanols, dimethyl fdrmamide, dimethyl sulfoxide, ac- 
etone, and the tike. Usually the solvents wiH be 
present in less than about 40 vol%, more usually in 
less than about 20 voi%. in order to maintain the 
high surface tension that is present in aqueous 
is solutions. However, the apparatus of the invention 
can be modified as described below for use with 
liquids exhibiting different surface tensions. 

The sample application site (also referred to as 
a sample receiving site) will generally be a cavity 
20 on a surface of the apparatus or may amply be an 
opening (optionally surrounded by a ring or tube) 
leading to the interior of the apparatus. The sample 
application site can contain a fitter, for example, to 
separate red blood cells from plasma (see U.S. 
as Patent No. 4.753,776), or may represent a connec- 
tion between the apparatus of the invention and 
some other apparatus that manipulates the sample 
prior to its entering the present cHlution apparatus. 
For example, the application site can be a recess 
so into which a standard capillary tube will fit 

When the sample application site is a recess 
for insertion of a capHtary tube, the capillary tube 
can act either as a convenient means for transfer- 
ring the sample or can act as a measuring cham- 
ps ber, either by completely fitting the capillary or by 
filling the capillary to a particular mark. The sample 
application site in such embodiments acts as a 
point of transfer. 

in other cases, the sample application site will 
40 be an external chamber, such as a recess on an 
upper surface of the device into which sample is 
inserted. Such surface recesses are referred to 
herein as external chambers, to distinguish them 
from chambers located in the interior of the hous- 
46 ing that forms the cartridge. The application site 
can be provided with a raised lip surrounded by a 
catch basin so that the application site can be filled 
to overflowing, with excess sample overflowing into 
the catch basin. Means for draining off a large 
so excess of sample or sample inadvertently applied 
to the wrong location are discussed in U.S. appBca- 
tion serial numbers 090,026 and 117,791, dis- 
cussed above. 

When sample is applied to the sample appttca- 
55 tion site, the Squid sample normally flows without 
the application of external force (except unassisted 
gravity) through a fluid passageway into a flow 
directing chamber, comprising an internal chamber 
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in the housing that forms the apparatus. External 
force. E.G., from compressed air, can be used to 
move the sample to the flow directing chamber but 
is not required and in fact is not preferred. The flow 
directing chamber acts to divert a portion of the 
sample that first enters the flow directing chamber 
into a sample measuring chamber, which has a 
predetermined volume and which operates to mea- 
sure and hold a portion of the sample for dilution. 
The remainder of the sample that enters the flow 
(greeting chamber is automatically diverted by the 
flow directing chamber into an exit port leading to a 
waste chamber or to some other means of dis- 
posing of excess sample beyond that required to 
fill the sample measuring chamber. 

The flow directing chamber is essentially a 
small, non-capillary, internal chamber in the ap- 
paratus having entrances and exits for sample and 
diluent By "non-capillary" is meant that flow of 
liquid through the chamber requires gravitational 
assistance. In preferred embodiments, one exit is 
the opening connecting the measuring chamber to 
the flow directing chamber. The other exit provides 
a flow connection with the waste chamber. The 
entrances for sample and diluent are generally 
connections to capfflary pathways leading to the 
sample application site and the diluent application 
site. The exits are located at gravrtationalfy low 
points in the flow directing chamber with the en- 
trances being located above the exits so that liquid 
flows from the entrances to the exits under the 
influence of gravity. 

The entrances and exits are located to insure 
that the measuring chamber is filled with the avail- 
able sample. Such filling can take place by locating 
the sample entrance so that sample reaches the 
entrance to the measuring chamber before sample 
reaches the entrance to the waste chamber. For 
example, by locating the entrance for sample flow 
above the measuring chamber exit and closer to 
the measuring chamber exit than to the waste flow 
exit, sample initially entering the flow directing 
chamber can be directed to the measuring cham- 
ber. When the measuring chamber fills, as dis- 
cussed below, excess sample flows past the mea- 
suring chamber entrance to the waste chamber 
entrance. By providing appropriate geometry of a 
flow directing chamber and the waste exit (or other 
provision for removing waste sample), afl excess 
sample will be drained out of the flow directing 
chamber so that when diluent later enters the flow 
Erecting chamber, only sample in the measuring 
chamber will be expelled into the receiving cham- 
ber as described below. 

Since diluent entering the flow directing cham- 
ber will mix with any sample remaining in this 
chamber and be cfivWed unprecfictably between the 
receiving chamber and waste means, it Is desirable 



to reduce the amount of sample left in the flow 
directing means as much as possible. The amount 
of sample left in the flow directing chamber will be 
less than the maximum allowed by the accuracy of 

5 the test being employed. For example, if the test is 
accurate to 10%, the volume of sample left in the 
flow directing chamber will be less than 10% of the 
volume of sample captured in the sample measur- 
ing chamber. Preferably, this amount is less than 

w 5%, more preferably less than 2%, even more 
preferably less than 1% of the measured sample 
volume. 

A number of different geometries can be pro- 
vided to achieve the desired result For example, 

75 the flow directing chamber can be essentiaHy in the 
shape of a truncated cube or wedge so as to 
provide a horizontal surface and vertical sides with 
a floor sloping downward in the direction of one 
axis (the axes being defined by the walls that 

ao intersect at right angles). This is essentially the 
shape of the first control chamber shown in the 
apparatus of Figure 1. which is discussed below in 
more detail. The sample measuring chamber exit 
and waste exits are located at the two bottom 

25 corners of the chamber, which are located at equal 
heights (in a gravitational field). The sample enters 
the waste chamber at the comer directly above the 
sample measuring chamber, and diluent enters the 
chamber near the comer diagonally opposite the 

30 comer of the upper surface where the sample 
enters. 

Alternatively, the flow directing chamber can be 
essentially a truncated cube as described above 
but with a floor sloping downward along two axis 
as (i.e., diagonally) to provide a single low point at one 
comer of the -cube." This is essentially the shape 
of the second flow Aecting chamber of the ap- 
paratus of Figure 1. In the first type of chamber 
discussed above, the sample measuring exit and 
40 waste exit are spaced apart. In this second em- 
bodiment they are located close together at the 
single low point In the chamber. In both cases, 
however, the waste exit is located at a gravitational 
low point In the chamber to ensure that all of the 
45 sample that is to be diluted that enters the cham- 
ber is removed from the chamber before diluent 
reaches the chamber. When the two chamber exits 
are located dose together so that sample reaches 
them at essentially the same time, the sizes of the 
so exits can be adjusted to insure that sample fiDs the 
measuring chamber before sample is depleted. 

Other geometries are also possible. For exam- 
ple, it is possible to have sample reach the waste 
exit before reaching the sample measuring exit if 
55 the exits are pr opert y sized to insure that sufficient 
sample reaches the measuring chamber before 
sample in depleted by the waste exit Likewise, the 
waste exit need not be at the absolute lowest 
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gparitational point In the chamber if other means 
are provided to Insure that ail excess sample is 
drained from the flow directing chamber. For exam- 
ple, edge effects resulting from surface tension of 
the sample can be used to draw excess sample 5 
along an edge of a chamber from a low point in the 
chamber to a somewhat higher exit It is also 
possible to use flow deflectors, usually projections 
or grooves in the walls of the flow directing cham- 
ber, to direct flow to the correct locations. to 

It is p r e ferred to have the initial portion of the 
waste exit be of capiOary dimensions to assist in 
drawing excess sample out of the flow directing 
chamber. It is also possible to use a porous ma- 
terial to "wick" excess sample from the flow direct* is 
ing chamber, as this is also a capillary action 
resulting from surface effects in the fine pores of 
the porous material. Example of porous materials 
include cotton, paper, cellulose fibers, glass fiber 
pads, and porous ceramics. The porous materials 20 
are used in the form of a wicking element that can 
contact the excess sample at an appropriate loca- 
tion in the flow Greeting chamber or that are 
present in waste chambers connected to the flow 
directing chamber by a capillary. Techniques for 25 
wicking excess sample from the sample application 
site into a waste chamber are described in U.S. 
patent application 117.791, described above, and 
can be adapted for use tn the present invention to 
wick excess sample from the flow directing cham- 00 
ber. Those skilled In the art wiH be able to adjust 
fte geometry of the chamber and to provide absor- 
bent materials (when used) as necessary, using the 
guidance provided herein, to achieve the desired 
result of filling the measuring chamber with sample as 
and draining the flow directing chamber of excess 
sample before cfiluent is added. 

The measuring chamber can be a capillary 
channel or chamber, in which case capillary action 
wiP aid or in some cases provide aH the force 40 
necessary for filling the measuring chamber with 
sample from the sample application site by way of 
the flow directing chamber. Capillary channels and 
chambers will generally have at least one dimen- 
sion perpendicular to the flowpath in the range 0.01 46 
to 2.0 mm. more generally 0.1 to 1.0 mm. Capillary 
spaces (of whatever type) have at least one dimen- 
sion at right angles to the direction of flow in the 
range required to support flow. Capillary channels 
have both dimensions at right angles to the direc- so 
tion of flow in the range required to support flow. 
Capillary chambers have one cfimension at right 
angles to flow that would not support capiOary flow 
but provide tor capillary flow by having the second 
cfimension at right angles to flow in the required 55 
range (similar to the space between two flat plates 
that are closely spaced). However, larger measur- 
ing chambers that are not capillary in any dimen- 



sion are also possible. The sample measuring site 
is said to be in "fluid receiving relationship" to the 
flow directing chamber in order to indicate that 
unassisted flow occurs. In order for proper opera- 
tion of the stop flow junction to occur, it is essential 
that the measuring chamber be filed solely by 
capillary and gravitational forces, as will be appar- 
ent from the description of the stop flow junction 
below. 

The geometry of the measuring chamber is 
such that when diluent is added to the apparatus at 
a later step, essentially all of the sample in the 
measuring chamber will be expelled into the re- 
ceiving chamber. One means of accompBshing this 
is by providing for smooth flow of diluent through 
the measuring chamber. A straight or curved tube 
with an essentially constant cross section open at 
both ends is thus a preferred embodiment for this 
type of measuring chamber. This type of measur- 
ing chamber is seen in the first measuring chamber 
(140) of Figure 1. In preferred embodiments of this 
type, diluent enters the measuring chamber in a 
front across the entire cross-sectional area of flow. 
This helps avoid mixing of diluent with sample and 
passage of diluent through the measuring chamber 
without expelling essentially all of the sample, 
which can occur If a small stream of cBIuent enters 
into a broader cross-sectional area of the measur- 
ing chamber. 

However, measuring chambers that vary in 
cross section are also possible, as demonstrated in 
the second measuring chamber (240) of Figure 1. 
In fact it is desirable to have the initial portion of 
the measuring chamber be as small as practical, as 
this aids in reducing the amount of sample that 
may be lost from the measuring chamber when 
diluent initially rushes Into the flow directing cham- 
ber. Initial diameters of less than OS mm are 
desirable, preferably less than 0.2 mm. If the en- 
trance to the sample measuring chamber is large, 
sample is washed up into the chamber when 
diluent first enters. An unmeasured quantity of 
sample then flows into the waste chamber as 
diluent continues to fill the flow directing chamber 
and flows Into both the measuring chamber and the 
waste chamber. Although this problem cannot be 
completely eliminated, using a small opening to the 
sample measuring chamber will reduce sample 
losses to acceptable levels, A small opening is 
therefore preferred even when the remainder of the 
measuring chamber is large (E.G., of non-capillary 
dimensions). 

Adcfitionafiy, while most measuring chambers 
will be manufactured to have a fixed volume, it is 
possible to provide chambers (both measuring 
chambers and other types of chambers and inter- 
nal compartments) whose volume can be varied 
for example by a closely fitting plunger used to 
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adjust the volume of the chamber prior to use. The 
internal volume of such an adjustable chamber 
would be set to the desired value by the user, 
normally prior to addition of sample to the appara- 
tus. 

When sample flows into a measuring chamber, 
flow stops when sample reaches a stop flow junc- 
tion, so called because it marks the junction be- 
tween the early part of the fluid track in which 
sample flows freely and the later part of the fluid 
track into which sample does not normally flow 
untQ initiation of the rflution process. Since the stop 
flow junction exists at the limit of the flowpath of 
the sample, it will be found at one end of the 
measuring chamber. This same location will nor- 
mally be the beginning of the receiving chamber 
(i.e.. f when the two chambers are directly con- 
nected). However, the stop flow junction can also 
be present in a fluid passageway connecting the 
measuring chamber to the receiving chamber. 

It should be recognized that flow stop can 
occur berth stably and metastably. A metastable 
flow stop is one in which flow stops on the macro- 
scopic level but may resume without apparent 
cause after a time interval of a few seconds to a 
few minutes. Gradual creep of liquids along con- 
tainer walls or through microscopic or sub- 
microscopic channels resulting from imperfections 
in the manufacturing process is beBeved to be the 
mechanism by which flow starts again once it has 
stopped. Adrftionatty, small, undetectable vibra- 
tions (such as might be caused by persons walking 
near the apparatus or staling and stopping of 
nearby equipment such as air-conditioning units) 
may also be sufficient to start flow in a metastable 
situation. However, there is no requirement of ab- 
solute stability since the apparatus is designed tor 
addition of a diluent and eventual starting of flow at 
the stop flow junction. Accortfngly, any flow stop 
which can be sustained tor at least 10 seconds, 
preferably at least one minute, and more preferably 
at least five minutes, is sufficient for the purposes 
of this invention. 

A stop flow junction is not a tracfitional valve as 
It has no moving parts. Rather, this junction relies 
on backpressure from the surface tension of the 
liquid sample to stop flow. This backpressure can 
be created in a number of ways. For example, 
backpressure is created when the cross-sectional 
area of the flow-path increases in a region in which 
there is contact between the liquid and the con- 
tainer waBs (EG., when a smaH tube enters a larger 
chamber or when the cross-sectional area of a 
channel increases). Greater back pressure and 
more consistent operation is achieved when the 
increase in cross-sectional area of the flowpath is 
abrupt rather than gradual, particularly when there 
is a break in capillarity in the sample flowpath. 



Imperfections in the container walls during gradual 
widening of chambers may cause liquid to "creep" 
more on one side than another, thereby avoiding 
the creation of backpressure, liquid can also creep 
s around corners when imperfections are present 
Unbalanced forces will also be present when the 
junction is not horizontal. A horizontal junction, for 
example, occurs when a vertical tube enters the 
top horizontal surface of a chamber. If a horizontal 
ro tube enters a vertical wail of a container, a vertical 
junction is present and the pressure at the bottom 
of the stop flow junction will be greater than the 
pressure at the top of the junction, due to hydro- 
static pressure caused by the different heights of 
75 liquid. Nonetheless, non-horizontal stop flow junc- 
tions can be created by reducing the diameter of 
the smaller channel containing liquid as it enters 
the larger area, thereby reducing the difference in 
pressure between the upper and lower portions of 
zo the junction. 

In many cases, the junction will be formed 
when a smaiWiameter measuring tube (L*., mea- 
suring chamber) enters a larger receiving chamber. 
A small measuring chamber can enter the larger 
25 receiving chamber at a right angle or at an angle 
other than a right angle. The angle between the 
internal wall of the small tube and the surface of 
the chamber in the latter case will be different at 
different locations around the circumference of the 
30 . junction. 

U.S. Patent No. 4,428.451, which is herein in- 
corporated by reference, describes a number of 
stop flow junctions that it refers to as "meniscus 
control means" for use in a device in which there is 
36 capillary flow from one zone to another. The stop 
flow junctions described in that patent can be used 
in the apparatus of the present invention. However, 
the patent is not directed to stopping flow when the 
second zone is not a capillary zone. In contrast to 
40 the specific teachings of the patent which indicate 
that the walls of the captOary chamber must gradu- 
ally narrow and gradually expand in order to pro- 
vide tor flow stop, an abrupt widening has been 
found to be more effective in the practice of the 
46 present invention when the second chamber (here 
the receiving chamber) is not a capillary space. 
Although it is recognized that imperfections will 
exist on the molecular level. It is preferred that the 
junction be as sharp as possfele from a macro- 
90 scopic view point, approaching as closely as possi- 
ble the ideal junction formed by the intersection of 
the plane (which can be curved) forming the wails 
of the measuring chamber with the plane forming 
the wail of the receiving chamber surface in which 
59 the stop flow junction is found. Maintaining a hori- 
zontal junction to avoid pressure differentials, re- 
ducing the area of the junction, changing the sur- 
face of the capillary so as to decrease the hydro- 
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phific character (for aqueous solutions), provkfing 
smooth surfaces (rough surfaces encourage creep 
of liquid along the surface), and providing an 
abrupt change in cross-sectional area (preferably 
provkfing an angle between intersecting surfaces of 
about 90* or lower) all operate to prevent creep of 
liquid from one chamber to the other. 

In general, for small (capiJlary-size) junctions, 
fee backpressure will be controlled by the smallest 
radius of curvature assumed by the meniscus. For 
example, when a capillary tube with a circular 
cross-section enters a larger space so that liquid 
bulges out into the space under hydrostatic pres- 
sure, the meniscus will be approximately spherical, 
and the backpressure (Ap) is given by the Young- 
Laplace equation: Ap = 2yH where 7 is the 
surface tension of the sample flukj ^ R is the 
racfius of curvature. See, Miller and Neogi, 
Tntertacial Phenomena: Equiibrium and Dynamic 
^feets". Marcel Dekker. Inc.. New York. 1885. and 
Dawes and Ftiedeal "Interfactal Phenomena", 2nd 
E±. Academic Press. New York, 1963. If the fluid 
meets the surface at an angle greater than 0* , this 
backpressure will be reduced by a geometric term. 
Tte racfius, R, win change (become smaller) as the 
hydrostatic pressure increases, so that the back- 
pressure and hydrostatic pressure balance. As hy- 
drostatic pressure increases, R reaches a minimum 
value (maximum curvature) determined by the ge- 
ometry of the device and the contact angle. The 
corresponding backpressure defines the maximum 
hydrostatic pressure sustainable by the stop flow 
function. 

Backpressure is also created when the surface 
that the liquid contacts changes to decrease adhe- 
sion between the liquid and the container wall (for 
example, when an aqueous sample moves from a 
hydrophilic to a hydrophobic surface). The surface 
properties of the various interior surfaces of the 
device of the invention can and generally will be 
controlled by various physical and/or chemical 
treatments. For a discussion of controlling surface 
prope r tie s of similar devices, see commonly as- 
signed U.S. Application Serial No. 880,793, filed 
July 1, 1988. For example, plastic surfaces can be 
treated to increase their hydrophiBcHy. Bther the 
whole apparatus or specific parts can be treated. 
Alternatively, differe n t parts of the apparatus can 
be made of afferent plastics. For capittary flow, 
contact angles of less than 90* are sufficient pref- 
erably 10-85* and most preferably 30-80* . In or- 
der to provide these contact angles for aqueous 
samples, the capillary surfaces win be hydrophilic 
(at least to some measurable extent). For non- 
aqueous liquids, a hydrophobic surface would be 
appropriate. By using a combination of container 
wgf geometry and surface wetabifity, a backpres- 
sure range of from 0 (no change in cross-sectional 



area or surface adhesion) to 20 cm H 2 0 and higher 
can easily be achieved wtth water as the liquid. 
When the backpressure is 0. the location in ques- 
tion is not a stop flow junction. A stop fiow junction 

5 occurs when there is sufficient backpressure to 
prevent the flow of sample past a particular point in 
the ftowpath: E.Q.. from the measuring chamber to 
the receiving chamber. 

A number of diluent application (diluent receiv- 

io ing) sites are disclosed in U.S. application serial 
Nos. 090,028 and 117,791, cfiscussed above. Any 
of these diluent application sites can be used in an 
apparatus of the present invention if desired. In the 
most preferred embodiment the diluent appficatson 

rs site is an internal vented chamber in the housing 
that forms the apparatus. Located in the chamber 
is a rupturable container of diluent Glass contain- 
ers are particularly preferred, although frangible 
plastic can also be used. An access port is pro- 

20 vided so that externally applied pressure can be 
used to rupture the container. A passageway con- 
nects the diluent chamber to the flow directing 
chamber, so that diluent can flow from the ruptured 
container to the flow directing chamber. Diluent fills 

25 the flow Greeting chamber so that the hydrostatic 
pressure at the stop flow junction is exceeded and 
the sample is expelled into receiving chamber 
along with a portion of the diluent Excess diluent 
flows Into the waste chamber or remains In the 

30 diluent application chamber and/or flow directing 
chamber. 

In the apparatus shown in Figure 1, the initial 
diluent chamber (175) is located at a particularly 
p referred location below the sample application 

35 site. This low position for the diluent prevents back- 
flow of diluent through the sample application site. 
It might appear that such an embodiment would not 
be capable of providing more hydrostatic pressure 
at the stop flow junction when diluent is released 

40 than was available when sample was added to the 
sample application site, since the sample appfica- 
tion site is gravitationally higher. However, the 
needed hydrostatic presswe is in fact provided by 
the diluent and cannot be provided by the sample, 

45 because of the flow directing chamber. In the ap- 
paratus as described herein, no static coIuttci of 
sample is developed between the sample appfica- 
tion sHe and the stop flow junction when sample is 
added. The flow directing chamber, and the waste 

so exit provide a means for draining off sample with- 
out allowing that sample to exert pressure on the 
sample contained in the sample measuring cham- 
ber. The effective height of the sample therefore 
never exceeds the height of the sample measuring 

55 chamber. However, the diluent is present in signifi- 
cantly larger quantity than the sample, so that the 
flow directing chamber is filled along with a portion 
of the waste chamber and the passage way leading 
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back to the sample application site. Sufficient hy- 
drostatic pressure is therefore developed to break 
the back pressure at the stop flow junction and 
expel the sample and diluent into the receiving 
chamber. 

tf the diluent application site Is above the sam- 
ple applications site, diluent will flow toward the 
sample application site through the passageway 
connecting the diluent and sample application 
sites. When flow resumes at the stop flow junction, 
this diluent and any trapped sample in the pas- 
sageway will flow back into the flow Greeting 
chamber. Since, at least in the case of capillary 
passageways, some amount of sample is likely to 
remain in the passageway joining the sample ap- 
plication site to the flow directing chamber, there is 
some difficulty in designing a cartridge to provide a 
predetermined, reproducible ratio of sample and 
diluent reaching the receiving chamber. Satisfac- 
tory results can be obtained for many reactions by 
empirical measurement of dilution followed by re- 
manufacture of the cartridge to new specifications 
and retesting. Design of a cartridge is much sim- 
pler, however, by using the lower diluent applica- 
tion site to avoid backflow, as described above. 

There are no particular restraints on the geom- 
etry of the receiving (mixing) chamber other than 
that smooth fluid flow be provided for in order to 
prevent trapping of gas bubbles. Providing entry of 
sample and diluent into a lower portion of the 
receiving chamber and providing an upper surface 
of the receiving chamber that slopes upward to- 
ward a vent both add in avoiding trapped bubbles. It 
is desirable, however, to ensure that the exit for 
mixed diluent and sample Of present in the receiv- 
ing chamber see below) is located at a distance 
from the entrance for sample and diluent tf the exit 
and entrance are located too dose to each other, 
diluent flowing into the chamber while mixture is 
exiting can. reach the exit too early and result in 
diluent rather than mixture reaching the second 
measuring chamber. Other provisions can be made 
to ensure smooth flow of mixture through the exit 
such as locating the mixture exit at a low location 
and the diluent entrance at a high location for 
diluents that are lighter than the mixture of sample 
and diluent (and vice versa). 

The vents used in the various chambers of the 
device can merely be a small hole terminated by a 
stop flow junction in order to avoid eodt of liquid 
from the device or can be a more sophisticated 
vent designed for gas exit without exit of liquid 
(EG., a mlcroporous, hydrophobic plug capable of 
passing air but not hydrophilic liquids). Stop flow 
junctions can also be placed in the early portion .off 
a long vent to prevent a relatively large quantity of 
liquid from entering the vent from the the vented 
chamber. A vent or other means to allow exit of 



trapped air is provided at every location in the 
apparatus in which the trapping of air would inter- 
fere with the passage of liquids between the var- 
ious chambers and/or channels of the device. 

s Although there is no theoretical upper limit *on 

the size of samples that can be measured and 
diluted in this first step (or later steps) using an 
apparatus of the invention, the method and appara- 
tus are particularly suitable for measuring and dilut- 

w ing smaH quantities of liquids. Accordingly, the 
sample measuring chamber will generally have a 
volume of from 0.1 uL to 100uL preferably 1uL to 
30J1L, and most preferably 3ulL to 10uL The re- 
ceiving chamber, which acts to limit diluent volume 

is and fix the ratio of sample to diluent, generally has 
a volume of from 3uL to 1000uU preferably 10uL 
to aOOuL, and most preferably 30uL to lOOuL, 
thereby providing dilution ratios of from 10 4 :! to 
3:1, preferably 103:1 to 10:1, and most preferably 

20 100:1 to 10:1. Channels through which capillary 
flow will take place will usually have opposing watts 
spaced in the range of about 0.01mm to 2mm, 
more usually about 0.1mm to 1mm. The capillary 
spaces can be tubular (which does not necessarily 

25 imply a circular cross-section but can be square or 
other regular shapes) or can represent the space 
formed by flat plates and side walls with the side 
walls being spaced further apart than a capillary 
distance. A tubular chamber with at least one flat 

30 side (E.GL, a square cross-sectional area, a rectan- 
gle with adjacent sides differing In length by no 
more than a factor of 1:2 to 1:4, or a semicircular 
chamber) are preferred for ease of manufacture in 
cases where channels are being formed by the 

as joining of two adjacent surfaces, one of which can 
be flat 

It should be recognized that statements in this 
specification indicating upper and lower limits of 
ranges are to be taken as individually designating a 

40 series of upper limits and a series of lower limits 
which can be utilized in any combination. For ex- 
ample, a typical upper Hmit and a preferred tower 
limit may be used in combination to define a range 
of intermediate preference. 

45 The apparatus as described above provides for 
a single cfitution of a sample with a diluent Any 
apparatus that carries out a dilution in the manner 
described is considered to fail within the scope of 
the present invention, whether the dilution occurs 

so by itself or as part of additional operations that 
occur In the device. For example, other operations 
can be carried out on an original sample so as to 
provide a mixture. This mixture is then the 
"sample" that is later diluted. Alternatively, provt- 

55 sion can be made for other operations to take 
place on the mixture formed In the manner de- 
scribed above. 

tn particular, the present inventors contemplate 
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providing serial dilution and mixing capabilities us- 
ing a mixture measuring and isolating chamber 
bydrostattcally connected to the mixing chamber 
and a valve controlling passage of fluids from the 
mixing chamber to the mixture isolating chamber. 
The first dilution takes place as indicated above 
during which time the indicated valve is closed to 
prevent escape of liquid from the mixing chamber. 
After the first mixture is formed, the valve control- 
ling flow to the mixture isolating and measuring w 
chamber Is opened, and fluid flows from the mixing 
chamber under fte influence of hydrostatic pres- 
sure and/or capillary attraction. The portion of the 
mixture isolating chamber into which the mixture 
flows is smaller in volume than the total volume of 1$ 
mixed sample and diluent This volume is deter- 
mined by the geometry of the chamber, the 
amount of hydrostatic pressure available from Bq- 
uktin the mixing chamber, and any capillary forces 
that are present U.S. Patent Application Serial No. 20 
T 17.791, described above, describes various geom- 
etries that can be provided for a mixture isolating 
chamber depencfing on whether the intent is to 
carry out a second dilution in the original mixing 
chamber of to transport the isolated portion of the 2s 
mixed sample and diluent to another location for 
further dilution and/or analysis. Any apparatus that 
carries out a single dilution as described above and 
a second dilution as described in the prior appfica- 
tion win fall within the scope of the present inven- so 
tion. 

However, a particularly preferred embodiment 
of the present invention is directed to an apparatus 
ia which serial cfiiutions are carried out both of 
which fall within the scope of the single-dilution 35 
invention set forth above. In such embodiments, 
the mixture isolating chamber will comprise the 
sane types of chambers and passage ways as 
described previously, with the exception that they 
wit) operate on the mixture as a sample rather than <o 
on an Initially obtained sample. 

Any type of valve that will control the passage 
of liquids between chambers andfor channels can 
be used in the apparatus of the present invention. 
Simple valves that can be actuated to move be- <5 
tween an open and a dosed position by the ap- 
pBcatkm and release of a simple external force are 
preferred. 

Examples of such valves include resilient bloc- 
king members that are present in or adjacent to a so 
liquid fiowpath. For example, a resilient blocking 
member can be presort in a converging or diverg- 
ing pathway so that the narrow portion of the 
pathway is blocked by the resifient blocking mem- 
ber when the blocking member is in Hs normal 55 
position. Application of force in a direction gen- 
erally away from the restricted portion of the 
flowpath and toward the wider portion of the 



fiowpath will open the valve by moving the blocking 
member away from the narrow walls of the 
flowpath. Alternatively, a normally open valve can 
be provided which is blocked by movement of a 
5 resilient blocking member to a location that cuts off 
flow of liquid. Specific examples of such valves are 
set forth in more detail below. 

Other examples of such valves include sliding 
pins closely engaging a channel that laterally tra- 
verses a fluid flowpath. The pin has a segment 
capable of obstructing flow through the flowpath 
when the pin is in a first position and a segment 
capable of allowing flow through the flowpath when 
the pin is in a second position. Examples of such 
pins include rectangular pins having a flowpath 
channel between two opposite faces of the pin. the 
flowpath channel being out of register when the 
block is in a closed position and in register with the 
principal flowpath when the block valve is open. 
Pins with circular cross-sections can be used by 
providing an obstructing segment of the pin that 
snugly engages the channel in which the pin fits 
and obstructs the flowpath when the pin is in a 
closed position. A smaller cross-sectional area 
(such as is present in the handle of a dumbbell) 
provides an annular flowpath around the smaller, 
central portion of the pin when the pin valve is in 
the open position. 

A resilient member can be provided to bias the 
pin into either the closed or the open position. A 
force acting on the pin can then slide the pin to a 
second location so that the pin valve is in the 
alternate position. 

In preferred embodiments, access for the ap- 
plication of an external force on the pin is provided 
so that the pin can be moved between its two 
positions. For example, a section of the pin that 
protrudes externally from the apparatus can be 
provided so that a force acting parallel to the 
sitting axis of the pin can move the pin from its 
first biased position to a second position by acting 
against the direction of the biasing force. Alter- 
natively, an aperture leading from a face of the pin 
opposite the biasing force to the external environ- 
ment can be provided. Externally applied pressure, 
such as from compressed air or a finger of an 
external apparatus that enters the aperture, can be 
used to slide the pin between its open and dosed 
positions. A resilient seal can be provided to pre- 
vent loss of liquid through the aperture while allow- 
ing force to be applied to the pin. Such seals can 
also be provided for the resifient blocking members 
described above. 

The valves that can be used as integral parts 
of a cartridge of the present invention are not 
limited to those specifically exempftftod here. Rath- 
er, any valve can be used that can control the flow 
of liquids through small flowpaths, such as flexible 
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walls (EG., latex) of a flowpath that can be com- 
pressed to restrict flow of liquid through the 
flowpath. Additionally, a dissolvable barrier can be 
provided in instances where an initially closed 
valve will be opened once and then maintained in 
the open position. 

It is also possible to provide an external valve. 
For example, a flowpath through which capillary 
flow occurs can be blocked by closing an external 
vent When the external vent is closed, liquid can- 
not enter the capillary pathway because of air or 
other gases in the capillary pathway. Opening the 
vent allows liquid to enter the capillary pathway. If 
the vent is closed while liquid is contained in the 
capillary pathway, the isolated liquid can later be 
used for other manipulations. 

Valves consisting of external vent controls can 
be used in any situation where flow occurs through 
a capillary pathway (so that trapped air is effective 
to control flow of liquids) aid where no free liquid 
that might leak is stored in the cartridge prior to 
use. Encapsulated liquid (E.G.. in glass ampules) 
can be present in devices using external vent con- 
trols. In many cases it is desirable to store 
premeasured diluents (which can contain reagents) 
in the cartridge when the cartridge is delivered to 
an end user. Internal mechanical valves or rup- 
turable barriers are preferred for such uses in order 
to prevent accidental leakage. 

By providing valves that can be operated by a 
simple externally applied force, a cartridge-like de- 
vice can be provided in which the valves are 
opened and closed in a predetermined manner by 
an analytical device into which the cartridge is 
inserted. This analytical device can contain various 
optical and/or other types of sensors for detecting 
the presence of liquids or analytes in various mix- 
ing and/or m ea s u ring chambers of the cartridge in 
addition to providing means for opening and clos- 
ing the valves and is therefore sometimes referred 
to in this specification as a monitor. 

The apparatus of the present Invention can be 
designed for use with a particular assay or can be 
designed and prepared as an apparatus in which 
multiple assays can be caned out depending on 
the order in which various valves are opened and 
closed and the contents of the various diluents, 
which can contain reagents for the development of 
a detectable signal (E.Q.. a color reaction) that 
depends on the presence of an analyte in the 
sample. 

Reagents can be provided at various locations 
in the device. Incubation times can be controlled 
by either manual operation of valves or by a me- 
chanically or electronically stored program in the 
monitor into which the cartridge is inserted. The 
program would control the order and timing of 
opening and closing valves. The programmed de- 



vice would contain solenoids or other means for 
providing force to open and/or close valves or 
rupture containers containing diluent In embodi- 
ments in which flow through a capillary pathway is 
5 being controlled by the opening and closing of a 
vent, a movable sealing pad that is capable of 
closing the vent will form part of the external pro- 
grammed device into which the cartridge is in- 
serted. 

io The monitor is also capably of detecting cor- 
rect operation of the cartridge by providing sensors 
that detect the presence of liquids at various loca- 
tions in the fluid pathways of the cartridge and 
comparing the signals provided by the sensors with 
76 the signals that would be produced during proper 
operation of the cartridge. Automatic detection of 
proper operation is desirable when the cartridge is 
in the hands of an unskilled user, which is a de- 
sired end use of the cartridge. For example. If the 
20 user must apply a drop of blood (as the sample) to 
the sample application site, several problems can 
occur. Some patients have trouble obtaining a drop 
of blood of sufficient volume. For example, if prop- 
er operation of the cartridge requires 25 ul of blood 
25 and only 20 ul is added to the sample application 
site, the sample measuring site may not com- 
pletely fill. If diluent is then added automatically 
(such as after a preselected time), the dilution will 
be greater than desired, and an incorrect result will 
30 be obtained. 

The cartridge of the present invention provides 
suitable locations in the flow paths, particularly by 
providing flow directing chambers, to allow ade- 
quate monitoring of this and other potential prob- 
es lems. A Tight source and detector can be provided 
in the monitor so that they are located on opposite 
sides of the flow directing chamber when the car- 
tridge is registered in the monitor. By detecting 
light that passes through the flow directing cham- 
40 bar at different location, different aspects of sample 
(and diluent) flow can be detected. 

For example, sample entering the flow direct- 
ing chamber can be detected by detecting Oght at 
a location adjacent the sample entrance. This al- 
45 lows initiation of timing of later operations. For 
example, the sample can be incubated with a 
reagent located in the sample measuring chamber 
for a specified amount of time without requiring any 
operation on the part of the user other than apply- 
so ing the sample. 

By using a flow directing chamber with two 
spaced-apart exits leafing to the sample measur- 
ing and waste chambers, locating the sample en- 
trance so that sample reaches the sample measur- 
es ing chamber entrance before it reaches the waste 
chamber entrance, and locating the light path for 
the sensor between the two exits, two different 
measurements of system operation can be carried 
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out with a single sensor. Since sample fills the 
measuring chamber before reaching the waste exit, 
detection of sample indicates that the sample mea- 
suring chamber has filled. Continuing to monitor 
the same location allows detection of complete 
emptying of the flow directing chamber, as sample 
flows out of the flow directing chamber and into the 
waste chamber. Dilution can then be properly 
timed to avoid accidental addition of diluent while 
sample is still present in the flow directing cham- 
ber, which would lead to too low a dilution as extra 
sample was swept into the receiving chamber 
along with the cfifuent Other problems that might 
lead to sample in the flow directing chamber, such 
as a clogged waste exit or too large a sample, 
could also be detected. 

A series of Figures is provided to illustrate a 
number of embodiments of the invention- The em- 
bodiments shown in the Figures are not Intended to 
be comprehensive, and numerous other embodi- 
ments within the scope of the appended claims will 
be apparent to those of ordinary skill in the field of 
the invention. 

Figure 1 is a plan view from the front of a first 
embodiment of the invention in which fines A-A, B- 
Bi C-C. and D-0 show the location of the cross- 
sectional views shown in Figure 2. As shown in 
Rgure 2, housing 100 is prepared from three sepa- 
rate pieces, a central base member No. 102 and 
two cover plates 104 and 106. Chambers formed in 
the front face of base member 102 (the left side of 
the cross-sectional view shown in Figure 2) are 
shown with solid fines in Rgure 1. Passage ways 
formed in the back face of base member 102 (the 
right side of the cross-sectional view shown in 
Rgure 2) are shown by dashed lines in Rgure 1. 
Through connections, which are generally holes 
passing from one face to the other, are shown by 
circles in Rgure 1. All such passageways would be 
visible in embodiments prepared from transparent 
plastic as described in U.S. Patent No. 4,756,844. 
However it is also possible to prepare the cartridge 
from an opaque material if provisions are made for 
light paths at the appropriate locations. 

The apparatus shown in Rgure 1 is capable of 
carrying out two dilutions serially. Parts of the 
apparatus associ a ted with the first dilution are num- 
bered from 110 to 190. Parts of the apparatus 
associated with the second dilution are numbered 
from 205 to 282. Where two parts perform the 
same function in the first and second dilutions, the 
last two cfigits of the identifying number are the 
same. Parts of the apparatus associated with the 
housing are numbered from 100-106, and parts of 
the monitor that interact with the cartridge shown in 
Rgure 1 are numbered 300 and above. The ap- 
paratus will be described by reference to the in- 
tfcated numbers while following a sample through 



a series of two dilutions in the apparatus. 

A sample is added initially to sample applica- 
tion site 110. The sample flows down passageway 
120 to flow directing chamber 130, entering the 
5 chamber at an entrance 136 in the upper left hand 
portion of the chamber as shown in Rgure 1. 
Passageway 120 has capillary dimensions, while 
chamber 130 is sufficiently large so as not to 
support continued capillary flow. Sample flows by 
to gravity down the left-front edge of chamber 130 
and encounters entrance 132 to measuring cham- 
ber 140. Sample continues to flow down measuring 
chamber 140. which ts of capillary dimensions. 
Sample flow stops when the leading edge of the 
ts sample reaches stop flow function 145 at the junc- 
tion between sample measuring chamber 140 and 
receiving chamber 150. Vent 159, located In a 
upper portion of chamber 150, is connected to 
common vent 101 to allow exit of gases from 
20 chamber 150, thereby allowing flow of sample into 
capillary sample measuring chamber 140. 

Excess sample continues to flow down pas- 
sageway 120 into flow Greeting chamber 130. 
Since sample can no longer enter measuring 
25 chamber 140, sample accumulates at the bottom 
front edge of the chamber since the floor of the 
chamber slopes downward toward the front of the 
chamber (see Rgure 2, part A). When excess sam- 
ple reaches waste exit 134, waste channel 160, 
30 which is of capillary dimensions, draws sample into 
waste chamber 190. Since waste exit 134 is at a 
gravitational low point of chamber 130, excess 
sample continues to flow into waste chamber 190 
until all excess sample has been drained from 
as chamber 130. 

At this time, rupturabte container 175, which Is 
located in diluent application chamber 170 is rup- 
tured by a mechanical finger (302: shown in Rgure 
2, part C) inserted through access port 177. Rup- 
40 turing of container of 175 is discussed in detail 
below. Diluent flows through channel 180 along the 
front face of the apparatus, passes through channel 
181 to the back face of the apparatus, and enters 
flow directing chamber 130 through entrance 138. 
45 Sufficient volume of diluent Is provided to fill flow 
Greeting chamber 130 and at least a portion of 
waste chamber 190 while sufficient cfiluent remains 
in chamber 170 to provide a hydrostatic pressure 
at stop flow junction 145 sufficient to initiate flow, 
so so that the sample trapped in measuring chamber 
140 is expelled Into receiving chamber 150, fol- 
lowed by diluent Diluent fills chamber 1 50, thereby 
providing a fixed ratio of sample to diluent in the 
chamber. 

55 Nfixing in chamber 150 can be provided by a 
number of techniques, such as are described in a 
copending application entitled "Reciprocal Affixing 
Cartridge," filed , assigned Serial No. . It is 
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preferred to begin mixing the sample and diluent 
as they enter the chamber so that any mixture 
entering the vent will have approximately the same 
composition as the mixture remaining in the cham- 
ber. However, the volume of the vent is sufficiently 6 
small so that negligible error results. Additionally, it 
is possible to include a separate stop flow junction 
in the vent to prevent excess exit of liquid, should 
higher accuracy be desired. Such a stop flow junc- 
tion and the vent to the mining chamber is a part of w 
the apparatus relating to the second dilution, as 
discussed below. 

Exit 210 in receiving chamber 150 serves as 
the entrance for mixture into the second dilution 
portion of the apparatus. During this initial first rs 
dilution, however, passage way 205 is blocked by a 
valve shown in detail in Figure 2, part B, below. 
When the valve is open, a portion of the mixture 
flows through exit 210 and channels 205 and 220 
to a second flow directing chamber 230, referred to 20 
herein as the mixture flow directing chamber. The 
floor of chamber 230 slopes downward from the left 
side of the chamber and from the back of the 
chamber to a small area at the right front comer of 
the floor of the chamber. At this point mixture 2s 
measuring chamber 240 is connected to mixture 
flow directing chamber 230 at junction 232. Mixture 
measuring chamber 240 terminates at stop flow 
junction 245 where chamber 240 intersects with 
mixture receiving chamber 250. & 

Since the mixture in receiving chamber 150 is 
under hydrostatic pressure from diluent located in 
the various pathways leading to chamber 150, mix- 
ture and eventually unmixed diluent can continue to 
flow into mixture flow directing chamber 230 until os 
the hydrostatic pressure is equalized. A mixture 
waste chamber and mixture waste pathway exiting 
chamber 230 could be provided in a manner simi- 
lar to waste chamber 190 and passage way 160 in 
the first dilution pathway. However, in the embodi- 40 
ment shown in Figure 1, an alternative method is 
provided for controlRng flow. Since the purpose of 
the apparatus Is to mix small samples with diluents 
that can contain reactants and measure the result* 
ing reaction in the receiving chambers, the appara- 45 
tus shown in Figure 1 will normally be inserted into 
an apparatus in which such measurements can 
made. Optical measurements are common and are 
the preferred type of measurement for an appara- 
tus shown in Figure 1. A light source and a detec- so 
tor are located in the monitor so that the light 
impinges on the desired location in the receiving 
chamber, passes through the receiving chamber 
and the material enclosed therein, and impinges on 
the detector located at- the other side of the car- ss 
trfdge. This is accomplished by inserting the car- 
tridge into a chamber on the surface of the monitor 
so that all of the parts are placed into proper 



registration with each other. The present invention 
requires nothing new in the way of light sources, 
detectors, and registration means, since all spec- 
trophotometers that engage cuvettes and carry out 
light measurements there through provide the nec- 
essary detection and registration systems. 

However, the monitor can be easily modified 
by providing additional Eight sources and detectors 
to detect the presence of the fluid at various points 
in the fluid pathways throughout the cartridge, as 
was discussed above. In this specification such 
components are called system control components 
since they represent a means by which the monitor 
can verify whether sample, the diluted mixture, or 
the like have reached the proper points in the fluid 
pathway in the proper sequence and at the proper 
time. For example, light sources and detectors can 
be placed at opposite sides of the cartridge so that 
the detector measures fight passing through the 
mixture measuring chamber 240 near stop flow 
junction 245. As shown in Figure 1, this portion of 
the measuring chamber can be made small relative 
to other portions of the measuring chamber in 
order to minimize error. When the detector in- 
dicates that liquid has reached the end of measur- 
ing chamber 240 adjacent stop flow junction 245, 
the valve that allows mixture to enter through ac- 
cess port 210 can be closed. Flow through the 
mixture measuring chamber will then stop when the 
meniscus of the mixture reaches stop flow junction 
245. Excess mixture remaining in mixture flow di- 
recting chamber 230 can then be drained off into 
mixture waste exist 260, which as shown in Figure 
1 is a capillary channel. 

Providing system controls to dose the valve 
located in passageway 205 and providing a capil- 
lary waste channel 280 obviates the need to have a 
large, gravity-fed waste chamber located below the 
level of mixture flow directing chamber. This is 
desirable in the device shown in Figure 1 since a 
preferred technique of mixing using a magnetically 
driven mixing member in the two receiving cham- 
bers. Eliminating a relatively large waste container 
at the bottom of me cartridge allows the receiving 
chambers to be located closer to the bottom of the 
cartridge, thereby reducing the distance between 
the mixing member and the receiving chambers 
and the driving magnets. Capillary waste chamber 
260 will draw off excess mixture until an excess 
mixture has been removed from mixture flow di- 
recting chamber 230. 

At this time, a second diuent in rupturabte 
diluent container 275 contained In diluent chamber 
270 is broken in the same manner as diluent con- 
tainer 175. Diluent therefore becomes available at 
diluent application site 270, flows through channels 
280, 281, and 282, and enters mixture flow direct- 
ing chamber 230 at entrance 238. As with the first 
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dilution, the hydrostatic pressure provided by the 
effluent as it fills chamber 230. waste channel 260. 
and vent 239. overcomes the back pressure at stop 
flow junction 245. Diluent is then expelled from 
mixing measuring chamber 240 into mixture receiv- 
ing chamber 250. Diluent also flows through mix* 
ture measuring chamber 240 into mixture receiver 
chamber 250, expelling trapped air through vent 
259- Since vent 259 wouid normally vent to the 
external atmosphere at the top of housing 100. a 
stop flow junction is provided in chamber 255 to 
minimize the amount of mixture and/or second 
diluent entering vent 259. Mixing takes place in 
receiving chamber 250 in the same manner as in 
receiving chamber 150. 

Figure 2 shows a series of cross-sectional 
views at different locations shown in Figure 1. The 
cross-sectional view shown in part A of Figure 2 
intersects a number of channels, chambers, and 
vents associated with the first dilution. As men- 
tioned previously, the apparatus is assembled by 
attaching cover plates 104 and 106 to central body 
member 102 in which the various chambers and 
passage ways are formed. In all parts of Rgure 2, 
the left sides of the figure represents the front face 
of the embodiment shown in Figure 1 and the right 
side represents the back face. 

Starting at the top of part A of Figure 2 and 
moving down, one sees passageway 173 leading 
from the front face to the back face of body mem- 
ber 102. Because the various fluid and venting 
passageways shown in Figure 1 must cross over 
each without intersecting, through passages such 
as 173 allow fluid pathways to be switched from 
one side of the other to avoid interference. An 
example of this can be seen in Rgure 1 in the fluid 
pathway which delivers the second diluent from 
diluent receiving site 270 to mixture flow directing 
chamber 230. This flow pathway must cross over 
both waste chamber 190. which occupies the front 
face of the apparatus, and vent 103. which oc- 
cupies the back face. This is accomplished by 
providing an initial channel 280 along the front face 
of body member 102 until the passage way 
crosses over vent 103. At this point through pas- 
sageway 281 switches the fluid pathway to the 
back face of body member 102. There channel 282 
passes behind waste chamber 190 until rt reaches 
an appropriate location behind mixture flow direct- 
ing chamber 230. Passageway 238 then leads to 
the flow directing chamber which is located on the 
front tee of the apparatus. The manner that this is 
accomplished is seen near the top of part A of 
Figure 2 where vent 172 connects chamber 170 to 
cross vent passage way 173, which transfers the 
vent path to the back face of the apparatus. At this 
point a connection is made to common vent pas- 
sageway 101, which rs visible in Rgure 1 but not in 



part A of Figure 2. 

Also visible in part A is passageway 138, which 

provides access for first diluent to mixing chamber 

130 and enters chamber 130 from the back face of 
5 the device. Exit 134, by which excess sample 

enters waste channel 160. can be seen at the 

bottom corner of chamber 130. 

The high location of vent 159 at an upper 

corner of mixing chamber 150 is evident near the 
io bottom of part A of Rgure 2. Access port 210 

leading into channel 201 that forms the first portion 

of the channel by which mixture is transported to 

the second dilution system can also be seen in 

chamber 150. 

rs Part B of Rgure 2 shows a number of minor 
features in the upper portion of the Figure, such as 
common vent 101. container 175 located m cham- 
ber 170, through passageway 181, and waste chan- 
nel 160. 

20 A particular valve embodiment is seen in the 
lower right hand portion of this Rgure. Channel 205 
is a mixture flow channel that connects mixing 
chamber 150 to mixture flow directing chamber 
230. A thin flexible membrane 206 is held in place 
25 by back plate 106 at aperture 208 located cfirecHy 
behind channel 205. A plunger 301 located in the 
monitoring device into which the cartridge is in- 
serted is adjacent aperture 208 when the cartridge 
is registered in the monitor. This plunger is wider 
so the control of various sensors in the monitor and is 
moved to the left in the direction of the arrow when 
the monitor receives the signal from the monitor. 
Such a signal might be given, for example, by 
insertion of the cartridge into the monitor. The end 
as of plunger 301 is shaped to fit channel 205 so that 
when plunger 301 is urged to the left flexible 
membrane 206 is forced to fit tightly into channel 
205, thereby blocking the channel. Release of the 
leftward-acting force on plunger 301 after mixing 
40 has been accomplished in receiving chamber 150 
then allows mixture to flow through channel 205 
into the remainder of the apparatus. 

Part C of Rgure 2 shows a vertical cross 
section through the embodiment of Rgure 1 at line 
45 C-C. Second diluent container 275 can be seen 
located in (fluent chamber 270. This view inter- 
sects chamber 170 at the location of aperture 177. 
This aperture, which leads to the back face of the 
cartridge, is covered by flexible seal 178. Plunger 
so 302. located in the monitor, can be urged leftward 
in the direction of the arrow at an appropriate time 
under control of the monitor. Sealing member 178 
is sufficiently flexible to allow force to be applied 
by plunger 302 on container 175, thereby rupturing 
55 container 175 and releasing diluent into dluent 
chamber 170. Release of the biasing force on 
plunger 302 moves plunger 302 back to its original 
position (as shown) without rupturing seal 178. 
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In the lower portion of part C of Figure 2 can 
be seen waste chamber 190 and a number of 
chambers and passages associated with the sec- 
ond dilution. Through channel 281 and channel 282 
along the back face of body member 102 provide 
access for the second diluent to mixture flow di- 
recting chamber 230. through which diluent enters 
at passage way 238. Through passageway 234 
leading to capillary waste channel 260 is also visi- 
ble. 

Part D of Figure 2 shows a vertical cross 
section taken at fine D-D of Figure 1. Second 
diluent container 275 and diluent chamber 270 are 
again visible as is waste chamber 190. Channel 
280, which is part of the pathway leading from the 
second diluent chamber to mixture flow directing 
chamber, is also visible, as are sections of capillary 
waste chamber 260 and mixture measuring cham- 
ber 240. 

Figure 3 is a schematic diagram showing 
reagents that would be used with a cartridge of the 
type as shown in Figures 1 and 2 to carry out a 
specific diagnosis. Hemoglobin Ale, a minor he- 
moglobin component is present in normal persons 
but increases in the presence of hypoglycemia. 
Hemoglobin Ale measurement therefore provides 
an assessment of long-term insulin control in dia- 
betics. An analysis requires an initial mixing of 
whole blood with a first set of reagents to deter- 
mine total hemoglobin content followed by deter- 
mination of hemoglobin Ale contort on an aliquot of 
the first mixture The process steps are shown 
schematically in Figure 3 and are described below 
as they would occur in the apparatus of Figure 1. 

A sample from an unmeasured blood drop will 
be applied to sample application site 110. Sample 
will flow into measuring chamber 140 through sam- 
ple flow directing chamber 130. Flow of blood 
stops at the Junction chamber 140 mixing/reading 
chamber 150. When container 175 is broken, 
thiocyanate solution will flow through measuring 
chamber 140 into mixing chamber 150, pushing the 
blood sample ahead of itself. The mixture of blood 
and thiocyanate solution win fiH mixing chamber 
150. Homogeneous mixing of blood and 
thiocyanate wiH now occur, driven by a reciprocat- 
ing mixing plate, and the ferricyanide and ag- 
glutinate* reagents coated on the walls of mixing 
chamber 150 (at different locations) wifl cfissofve. 
After about 1 minute, the blood will be lysed and 
the hemoglobin denatured. At this .time, the total 
hemoglobin will be measured by reading absor- 
bance at 540 nm and 800 nm using a Bght source 
and detector that are present in the monitor into 
which the cartridge has been inserted. 

The valve in channel 205 will then be opened 
to allow a portion of the mixture to flow into the 
measurement (mixture isolation) chamber system. 



When mixture reaches the end of mixture measur- 
ing chamber 240, the vent is dosed to prevent 
excess mixture from filling flow directing chamber 
230 and expelling mixture from the mixing chamber 
5 by hydrostatic pressure. Once the mixture flow 
control 230 chamber has been drained by capillary 
drain 260, diluent container 275 is broken, allowing 
Ale diluent to flow into the dry antibody-latex 
reagent chamber 250, resuspending the reagent 
10 (which is coated on the chamber walls of chamber 
250), after displacing the sample of denatured 
blood (i.e., the isolated mixture) from mixture mea- 
surement chamber 240 into the mixing/reaction 
chamber 250. The denatured blood/reagent mixture 
75 will then be mixed and assayed for hemoglobin Ale 
by measurement of the change in turbidity over 
about 30 seconds. Turbidity increases as a result 
of agglutination of antibody-coated latex particles, 
the antibody being specific for hemoglobin Ale. 
20 The entire apparatus shown in Figures 1 and 2 
would be approximately 10 cm high and less than 
15 cm wide with body member 102 being about 1 
cm in thickness. The cartridge can readily be pro- 
pared in other sizes to carry out other analytical 
25 measurements. 

Expanded perspective views of two flow direct- 
ing chambers of the invention are shown in Figures 
4 and 5, in which edges that would be visible from 
the point of view shown are invested by solid fines 
30 and edges that are seen through the chamber are 
indicated by dotted lines. Figure 4 resembles 
chamber 130 of Figure 1 and is numbered accord- 
ingly. Chamber 130 is essentially a truncated cube 
or wedge with ail opposed faces parallel except the 
35 top and bottom faces. Height X of the back is 
smaller than height Y of the front face. In the 
bottom front comers of chamber 130 can be seen 
exits 132 leading to the measuring chamber and 
134 leading to the waste chamber. In the comer 
40 directly above exit 132 (the sample measuring 
chamber entrance) is entrance 136 for sample, a 
passageway leading from the sample application 
site. Vent 139 and (fluent entry 138 are visible in 
the upper back comers of the chamber. Passage of 
45 fluids through the chamber is indicated by arrows 
and Roman numerals. Arrow I shows initial flow of 
sample after arriving in chamber 130 through en- 
trance 136 and flowing down the left front comer of 
the chamber to sample measuring chamber en- 
so trance 132 under the influence of gravity. When the 
sample measuring chamber is filled, flow continues 
across the bottom front face of chamber 130 to 
waste exit 134 as shown by arrow II. Since exit 134 
is at a gravHationally low point of chamber 130, 
ss excess sample wiD continue to be drawn out of 
chamber 130 until all sample exits the chamber, 
except for any small amount retained by surface 
tension resulting from contact with the sample in 
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the measuring chamber at measuring chamber en- 
trance 132. However, any such amount will be 
small and relatively reproducible, since the appara- 
tus of the invention is designed for use with sam- 
ples of a particular type that will have relatively 
similar if not Identical surface tension characteris- 
tics. 

Location A shown at the front lower face of 
chamber 130 between exits 132 and 134 is a 
preferred location for measuring transit of sample, 
as previously indicated. If a detector is located in 
the monitor so that Bght passing through the back 
face A of chamber 130 is detected as it passes 
through region A on the front face, sample passing 
along path U will be detected. Thus, initial appear- 
ance of sample at location A will indicate that 
sample has fifed the measuring chamber and has 
started flowing across path IL When sample dis- 
appears from location A, the dilution process can 
be initiated, in the rare case where a slightly large 
sample is used, so that the sample fills the sample 
measuring chamber and overflows exit 132 slightly 
into chamber 130 but not sufficiently so that sam- 
ple reaches exit 134. the detector at location A wiH 
prevent automatic dilution of this incorrect sample 
size. When the correct signal is received to in- 
dicate proper measurement of sample, diluent en- 
ters through entrance 138 and flows along the path 
shown by arrow III thereby completing the dilution 
process as previously described. 

As is apparent from the operation as described 
for Figure 4, it is desirable that waste exit 134 be of 
capillary dimensions at least in the initial section of 
the passageway to aid in wicking sample from the 
chamber as soon as sample reaches exit 134. 

It can be seen from Hgure 4 that location A 
intersects the bottom edge of the chamber. Such a 
location is desirable because slight differences In 
registration may occur when the cartridge contain- 
ing the chamber is Inserted Into a monitor, due to 
the very small si2es of chambers, as previously 
described. If the location is selected so as to 
intersect the bottom edge of the chamber, car- 
tridges that fit slightly higher or slightly lower in the 
registration means of the monitor will still have the 
light path intersect the bottom edge, thereby Insur- 
ing that sample wiH intersect the light path as 
sample travels along the bottom edge of the cham- 
ber. If desired, back face A of the chamber can be 
molded during the chamber-forming process so as 
to tern a lens that aids In directing light to the 
correct location. 

Figure 5 shows a second embodiment of a 
control flow chamber similar to the second flow 
directing chamber shown In Figure 1. The chamber 
again resembles a truncated cube, but the bottom 
tace slopes toward one comer with three equal 
corner heights Indicated by X and one longer cor- 



ner indicated by Y. The top face is horizontal and 
the bottom face of the chamber slopes downward 
to the Y comer. The various entrances and exits 
from the chamber are numbered in accordance 
s with the designation set forth in Rgure 1 for cham- 
ber 230. Accordingly, sample enters through en- 
trance 236 and flows along path I to the lower right 
comer of chamber 230. In contrast to the embodi- 
ment shown in Figure 4, path I encounters waste 
io exit 234 before encountering exit 232 leading to the 
measuring chamber. However, exit 234 is sized in 
comparison to entrance 236 aid exit 232 so as not 
to be able to puB all of the sample (here normally 
the mixture) along path 11a to the waste chamber, 
rs Sufficient sample is therefore available to enter the 
measuring chamber through port 232 along path 
lib. When the measuring chamber is filled, excess 
sample continues along path lla until the chamber 
is emptied. Diluent then enters through entrance 
20 238 and flows along path III to complete the dilu- 
tion process as previously described. 

A light source and detector can be provided in 
the monitor so that the light path passes through 
location A in a manner similar to that described 
25 above for Figure 4. However, in Figure 5 location A 
is between the sample entrance and the two exit 
ports in comparison to Rgure 4. where It was 
located between the two exit ports. However, this 
location can still be used to detect entry of sample 
so into the chamber and. when combined with a tim- 
ing circuit can be used to determine whether sam- 
ple has filled the sample measuring chamber, since 
the apparatus is designed for use with a particular 
type of sample (EG., whole blood), and the time 
as required to fill the measuring chamber will there- 
fore be relatively constant Depletion of sample 
from the chamber can also be detected, as pre- 
viously described. 

The cartridges of the invention are typically 
40 prepared from molded plastic as described in U.S. 
Patent No. 4,756344, the only principal differences 
between the production methods described in the 
patent and the production required for the present 
apparatus being In the mold used to form the 
45 various chambers. As indicated in the patent plas- 
ma etching can be used to improve flow char- 
acteristics through the various capillary pathways, 
since most mokfing plastics are hydrophobic and 
need to be rendered hydrophiBc for reproducible 
so capillary flow to occur. 

It Is now been discovered that superior results 
are obtained by masking part of the capillary tracks 
and chambers so that not all of the interior surfaces 
are etched. For example, the first stop flow junction 
55 136 of the embocfiment shown in Rgure 1 and 
Figure 2 occurs at a comer of chamber 130 formed 
by face plate 104 and body member 102 (also see 
Figure 4). The sudden widening of the fluid pas- 
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sageway as it enters chamber 130 acts to create a 
stop flow junction. However, a continuous face and 
therefore continuous flow path is present along 
face plate 104 as passageway 120 enters chamber 
130. Plasma etching of pathway 120 is important to 
maintain capillary flow through the pathway. How- 
ever, if the intersection of pathway 120 and cham- 
ber 130 is masked during the etching process, the 
region of face plate 104 at the stop flow junction 
will be hydrophobic, thereby improving the operat- 
ing characteristics of the stop flow junction. Similar 
masking of surfaces in other locations where capil- 
lary flow or entrapment is not desirable, such as 
other stop flow junction or comers and edges of 
chambers that tend to retain liquids in undestred 
locations, also can be used to provide improved 
operating characteristics. 

In a similar manner, selective plasma etching 
of chambers can be used to prevent reagent 
spread during application of reagents to surfaces in 
the chambers. Reagents are typically added to a 
cartridge of the invention in the form of a solution 
which is then dried to provide a stable reagent 
composition. When liquids are added to etched 
surfaces, they tend to spread out in thin films and 
occupy a relatively large area of the surface. This 
can lead to intermingling and premature reaction of 
reagents if two reagents need to be applied in a 
small area, such as a mixing chamber. If a section 
of a surface is not plasma etched, however, 
reagent applied in fiquid form will tend to remain in 
droplets in the applied location rather than spread- 
ing out Smaller chambers can used because of 
less spreading of reagents by selectively masking 
the surfaces to which reagents will be applied 
before plasma etching. 

AH publications and patent appficatkms men- 
tioned in this specification are herein incorporated 
by reference to the same extent as if each Individ- 
ual publication or patent application was specifi- 
cally and individually indicated to be incorporated 
by reference. 

The invention now being fufly described, it wfll 
be apparent to one of onfinary skill In the art that 
many changes and modifications can be made 
thereto. 



Claims 

1. A dilution and mixing cartridge tor automati- 
cally measuring and diluting a liquid sample with a 
liquid diluent comprising: 
in a housing, 

sample receiving means tor receiving said sample, 
a flow directing chamber, comprising an internal 
chamber in said housing, 

sample flow means tor delivering sample from said 



sample receiving means to said flow directing 
chamber. 

diluent receiving means for receiving said diluent 
diluent flow means for delivering diluent-from said 
s diluent receiving means to said flow directing 
chamber, 

a receiving chamber, comprising a vented internal 
chamber in said housing having a first volume, 
a measuring chamber, comprising an internal 

to chamber in said housing having a second volume 
smaller than said first volume, wherein said mea- 
suring chamber connects said flow directing cham- 
ber to saki receiving chamber and said measuring 
chamber is capable of delivering sample and 

is diluent from said flow directing chamber to said 
receiving chamber solely by capillary and gravita- 
tional forces, 

a stop flow junction located at the end of said 
measuring chamber, wherein said stop flow junc- 

20 tion is adapted to the surface tension characteris- 
tics of said sample so as to provide sufficient back 
pressure resulting from contact between said sam- 
ple and wall means of said housing at said stop 
flow junction to prevent sample from flowing 

25 through said stop flow junction in absence of 
diluent but allowing flow through said stop flow 
junction when said diluent receiving means re- 
ceives diluent and diluent enters said flow directing 
chamber, and 

30 waste means for emptying said flow directing 
chamber after sample has entered said flow direct- 
ing chamber and said sample has filled said mea- 
suring chamber, wherein said waste means op- 
erates by capillary and gravitational forces, 

35 whereby diluent added to said diluent receiving 
means flows through said flow directing chamber 
and expels sample from said measuring chamber 
into said receiving chamber, thereby causing a 
fixed ratio of sample to diluent to be delivered to 

40 said receiving chamber. 

2. The cartridge of Claim 1, wherein said flow 
directing chamber comprises: 

(1) an exit for said measuring chamber and 
said waste means at gravHattonaHy low points in 

45 said flow directing chamber, ami 

(2) entrances for said sample and diluent 
flow means gravttationaity above said exit and said 
waste means. 

3. The cartridge of Claim 2, wherein said en- 
50 trance for said sample flow means Is located above 

said measuring chamber exit and positioned so 
that flow of sample into said flow cfirectfng chamber 
reaches said measuring chamber exit before reach- 
ing said waste means. 
55 4. The cartridge accorcfing to claim 1, claim 2 
or claim 3, wherein the housing further comprises a 
mixture isolating chamber hydrostatlcally connect- 
ed to the receiving chamber, whereby a repre- 
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sentative sample of a mixture of sample and 
effluent in the receiving chamber can be isolated in 
the mixture isolation chamber. 

5. The cartridge according to claim 4, wherein 
sad mixture isolation chamber comprises: 
a valve controlling exit of said mixture from said 
receiving chamber, 

a mixture flow directing chamber, comprising an 
internal chamber in said housing, 
mixture flow means for defivering mixture from said 
valve to said mixture flow cfirecting chamber, 
second diluent receiving means for receiving a 
second diluent 

second diluent flow means for delivering said sec- 
ond effluent from said second diluent receiving 
means to said mixture flow cfirecting chamber, 
a mixture receiving chamber, comprising a vented 
internal chamber in said housing having a third 
volume; 

a mixture measuring chamber, comprising an inter- 
nal chamber in said housing having a fourth vol- 
ume smaller than said second volume or said third 
volume, wherein said mixture measuring chamber 
connects said mixture flow directing chamber to 
said mixture receiving chamber aid said mixture 
measuring chamber is capable of delivering mix- 
ture aid second diluent from said mixture flow 
drecting chamber to said mixture receiving cham- 
ber solely by capillary and gravitational forces, 
a second stop flow junction located at the intersec- 
tion of said mixture measuring chamber and said 
mixture receiving chamber, wherein said second 
stop now Junction is adapted to the surface tension 
characteristics of said mixture so as to provide 
sufficient back pressure resulting from contact be- 
tween said mixture and wall means of said housing 
at said second slop flow junction to prevent mixture 
from flowing through said second stop flow junction 
in absence of second diluent but allowing flow 
through said stop flow junction when said second 
(filuent receiving means receives second effluent 
aid second diluent enters said mixture flow cfirect- 
ing chamber, and 

mixture waste meais for emptying said second 
flow directing chamber after mixture has entered 
said mixture flow directing chamber and said mix- 
ture has fitied said mixture measuring chamber, 
whereto said waste means operates by capillary 
and gravitational forces, 

whereby second diluent added to said second 
diluent receiving means after mixture has filled said 
mixture measuring chanter flows through said 
mixture flow cfirecting chamber and expels mixture 
from said mixture measuring chamber into said 
mixture receiving chamber, thereby causing a fixed 
ratio of mixture to second diluent to be defivered to 
sail mixture receiving chamber. 

6. A dilution aid mixing cartridge for automati- 



cally diluting a liquid sample with a liquid diluent 
comprising, in a housing, a sample receiving site, a 
diluent receiving site, a sample measuring cham- 
ber, means for defivering sample and diluent to 

s said sample measuring chamber from said sample 
receiving site and said diluent receiving site, re- 
spectively, a stop flow junction terminating said 
sample measuring chamber and adapted to the 
surface tension characteristics of the sample so as 

ro to provide sufficient back pressure resulting from 
contact between sad sample and wall means of 
said housing at said stop flow junction to prevent 
sample from flowing through said stop flow junction 
in absence of diluent but allowing flow through said 

is stop flow junction when said diluent receiving 
means receives diluent a receiving chamber for 
receiving a mixture of sample and diluent from said 
measuring chamber, and means for delivering sam- 
ple and diluent from said sample measuring cham- 

20 ber to sad receiving chamber, characterized by 
having 

a flow directing chamber, comprising an internal 
chamber in said housing, wherein said means for 
delivering sample to said sample measuring cham- 
25 ber and said means for defivering diluent to said 
sample measuring chamber both enter said flow 
cfirecting chamber and an exit In said flow directing 
chamber leads to said sample measuring chamber 
and 

30 waste means for emptying said flow directing 
chamber after sample has entered said flow direct- 
ing chamber and said sample has filled said mea- 
suring chamber, said waste means being located in 
said flow directing means and operating by capih 
35 lary and gravitational forces. 

7. A dilution and mixing cartridge for automati- 
cally diluting a liquid sample with a liquid diluent 
comprising a sample receiving site, a diluent re- 
ceiving she, a sample measuring chamber, means 
40 for defivering sample and diluent to said sample 
measuring chamber from said sample receiving 
site and said diluent receiving site, respectively, a 
stop flow junction terminating said sample measur- 
ing chamber and adapted to the surface tension 
45 characteristics of the sample so as to provide suffi- 
cient back pressure resulting from contact between 
said sample and wal means of said housing at said 
stop flow junction to prevent sample from flowing 
through said stop flow junction in absence of 
so diluent but aflowtng flow through said stop flow 
junction when said effluent receiving means re- 
ceives diluent a receiving chamber for receiving a 
mixture of sample and diluent from sad measuring 
chamber, and means for delivering sample and 
55 effluent from said sample measuring chamber to 
said receiving chamber, the 
(filuent receiving means being located gravitation- 
ally below said sample receiving means and pro* 
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viding means for preventing hydrostatic pressure 
from developing between said sample receiving 
means and said stop flow junction in the absence 
of diluent 

8. The cartridge according to claim 7. wherein 
said means for preventing hydrostatic pressure is a 
vented, non-capillary chamber located between 
said sample receiving means and said stop flow 
junction. 

9. A method for diluting a liquid sample with a 
liquid diluent comprising: 

sequentially supplying an unmeasured volume of 
said sample and a measured or unmeasured vol- 
ume of said diluent to a liquid flow directing cham- 
ber, wherein (1) a first portion of said sample 
entering said flow directing chamber Is diverted to 
a measuring chamber having a first volume, flow of 
sample through said measuring chamber terminat- 
ing when said sample reaches a stop flow junction, 
said stop flow junction being adapted to the surface 
tension characteristics of said sample so as to 
provide sufficient back pressure resulting from con- 
tact between said sample and wall means of said 
housing at said stop flow junction to prevent sam- 
ple from flowing through said stop flow junction, the 
remainder of said sample being diverted by said 
flow directing chamber to a waste chamber, and (2) 
a first portion of said diluent entering said flow 
directing chamber is diverted to said measuring 
chamber, wherein hydrostatic pressure from said 
diluent expels said sample in said measuring 
chamber into a receiving chamber along with said 
first portion of said diluent whereby a fixed ratio of 
sample to diluent is delivered to said receiving 
chamber. 

10. The method according to claim 9, further 
comprising the step of opening first valve means 
selectively controlling passage of said mixture from 
said receiving chamber to a hydrostatically con- 
nected mixture isolating chamber, wherein a 
hydrostaticafly determined portion of said first mix- 
ture enters said mixture isolating chamber. 

11. The method a to claim 9 or daim 10. 
wherein said device further comprises a second 
receiving chamber in fluid receiving relationship to 
said mixture isolation chamber. 

12. The method of claim 11, wherein a second 
effluent is added to said device, wherein the second 
diluent expels a portion of the mixture in the mix- 
ture Isolation chamber into the second receiving 
chamber along with a portion of the dBuent where- 
by a fixed ratio of said mixture and the second 
diluent are delivered by capiBary and gravitational 
forces to the second receiving chamber. 

13. A sample dilution and mixing system, com- 
prising: 

the cartridge of any one of claims 1 to 8. and a 
monitor comprising: 



means for detecting a reaction in the receiving 
chamber of the cartridge, and 
registration means for holding scud cartridge in 
registration with the detecting means. 
5 14. The system according to claim 13, wherein 

the detecting means comprises a light source and 
a Hght detector arranged to detect light passing 
through said receiving chamber. 

15. The system according to claim 13 or claim 
10 1 4, wherein the flow directing chamber comprises: 

exits for said measuring chamber and said waste 
means at gravitatlonally low points in said flow 
directing chamber, and 

entrances for the sample and diluent flow means 
75 gravitationaily above the exit and the waste means. 

16. The system according to any one of claims 
13 to 15, wherein said monitor further comprises " 
system control means adjacent said flow directing 
chamber when the cartridge is present in the reg- 

20 istration means to verify presence of liquid at the 
flow directing chamber. 

17. The system according to any one of claims 
13 to 16, wherein the system control means com- 
prises a fight source and a detector located on 

26 opposite sides of the cartridge when the cartridge 
is present in said registration means, wherein light 
emitted by said light source passes through the 
flow directing chamber at a light path location and 
is detected by said detector. 

ao 18. The system according to any one of claims 
13 to 17, wherein the monitor comprises system 
control means adjacent said mixture measuring 
chamber when the cartridge is present in the reg- 
istration means for verifying presence of liquid in 

36 the mixture measuring chamber. 

19. The system according to any one of claims 
13 to 18. wherein the monitor selects a program by 
which to operate the valve means by detecting a 
signal from the cartridge when said cartridge is 

40 inserted into the monitor. 

20. The system according to any one of claims 
13 to 19, wherein the diluent receiving means in 
the cartridge comprises a diluent chamber contain- 
ing the diluent enclosed In a rupturabte container 

45 and the diluent chamber comprises an access port 
sealed with a flexible sealing member. 
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Description 

This invention relates to methods and apparatus- 
es used for diluting and mixing liquids, particularly the 
automatic measuring and diluting of small volumes of 
liquids. 

There has been a recent period of explosive 
growth in the field of clinical analyses intended to be 
carried out by unskilled users. Numerous approaches 
have been developed which allow an unskilled user, 
such as a diabetic patient to determine the presence 
and/or amount of an analyte in a sample, such as glu- 
cose in urine. The devices that carry out such analys- 
es are generally intended to be "user friendly" in that 
they require little training and are essentially fool- 
proof in use. Typical of these devices are the so-cal- 
led "dip-sticks". These devices are plastic strips with 
a reagent-containing matrix layered thereon. Sample 
is applied to the strip, and the presence or absence 
of an analyte is indicated by a color-forming reaction. 

While such devices have proven useful for the 
qualitative determination of numerous substances in 
biological samples, not all analyses can be carried out 
in this manner. For example, some techniques require 
dilution and/or mixing of small quantities of sample. 
Measurement of extremely small amounts (E.G., mi- 
croliter amounts) of liquid and the dilution thereof typ- 
ically require significant training or the use of expen- 
sive equipment to carry out the dilution. Neither of 
these alternatives is convenient or easy to carry out 
Measuring and dilution of small samples of liquid 
is readily carried out in a number of automatic analyz- 
ers. However, these are not suitable for use in the 
home or in a doctor's office because of their size and 
expense. For example many devices are available in 
which a sample of liquid is drawn into a conduit which 
is in the form of a capillary tube that acts as a meter- 
ing device. However, this metering device is part of a 
large apparatus containing pistons and numerous 
other moving parts, such as vacuum pumps, that are 
required for movement of the sample and diluent The 
precision with which such moving parts must be man- 
ufactured in order to retain liquid-tight seals signifi- 
cantly increase the cost of the device. 

As an alternative to large automatic analyzers, 
small hand-held micropipets, such as the well known 
Eppendorf* pipet have been devised. These pipets 
utilize a precision piston to draw sample or diluent 
into a small disposable tip. However, skill is required 
in the use of the pipet, and a number of precise man- 
ual operations must be carried out to successfully 
measure sample and diluent Skill is also required in 
mixing the resulting small-volume solution. 

Another technique that has been developed for 
the home uses a capillary tube to measure a sample 
of fluid. The entire capillary tube is then placed into 
a large container which holds a measured quantity of 
diluent or to which a measured quantity of diluent is 



.added. However, such devices are not generally sat- 
isfactory in the hands of an unskilled user, since ca- 
pillary tubes are easily broken and since contamina- 
tion of the outside of the capillary results in volume 
5 error. 

Accordingly, there is a need for simple and accu- 
rate methods and devices for measuring, diluting, 
mixing, and analyzing small quantities of sample. 
DE-C-3328964, describes a device for the auto- 
w matte, discontinuous sampling of fluids using a capil- 
lary tube that acts as a measuring device and which 
can be either dipped into a fluid being sampled or al- 
ternatively moved into a position from which the sam- 
ple is transported with a diluent to an analyzer by a 
15 pump or suction. US-A-4,454,235 describes a capil- 
lary tube holder for liquid transfer in immunoassays. 
US-A-4,233,029 describee a liquid transport device 
formed by opposed surfaces spaced apart a distance 
effective to provide capillary flow of liquid without pro- 
20 viding any means to control the rate of capillary flow. 
US-A-4,61 8,476 and 4,233,029 describe a simitar ca- 
pillary transport device having speed and meniscus 
control means. US-A-4,426,451 describes another 
similar capillary transport device including means for 
23 stopping flow between two zones, flow being re- 
sumed by the application of an externally-generated 
pressure. US-A-3,81 1,326; 3,992,150; 4,537,747; 
and 4,596,780 describe various processes and devic- 
es in which a capillary tube is used to take up a pre- 
30 determined volume of the test solution and the 
charged capillary is then placed in a cuvette or other 
container of liquid that is used as reagent or diluent 
US-A-3,799,742 describes an apparatus in which a 
change in surface character from hydrophilic to hy- 
35 drophobic is used to stop flow of a small sample, 
thereby metering the sample present US-A-5 077 
017 and EP-A-3Q5 210, describe a number of dilution 
and mixing cartridges. 

The present invention provides an improved self- 
40 contained dilution apparatus that does not require the 
use of externally generated force (except gravity) to 
move liquids between its various parts and provide 
for reproducible dilution of samples. The apparatus 
can provide for a single dilution or for serial dilutions; 
46 i.e., dilution of a sample with a first diluent followed 
by dilution of the mixture with the same, a second, or 
a further diluent When prepared in the form of a dis- 
posable cartridge, the cartridge housing contains 
sample receiving means for receiving a liquid sample, 
so a flow directing chamber comprising an internal 
chamber in the housing, sample flow means for deliv- 
ering sample from the sample receiving to the flow di- 
recting chamber, diluent receiving means for receiv- 
ing a liquid diluent diluent flow means for delivering 
55 diluent from the diluent receiving means to the flow 
directing chamber, a receiving chamber comprising a 
vented internal chamber in the housing having a first 
volume, a measuring chamber comprising a vented 
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internal chamber in the housing having a second vol- 
ume smaller than the first volume, the measuring 
chamber connecting theflowdirecting chamber to the 
receiving chamber and being capable of delivering 
sample and diluent from the flow directing chamber 
to the receiving chambers solely by capillary and 
gravitational forces, a stop flow junction located at the 
intersection of the measuring chamber and the re- 
ceiving chamber, wherein the stop flow junction is 
adapted to the surface tension characteristics of the 
sample so as to provide sufficient back pressure re- 
sulting from contact between the sample and walls of 
the housing at the stop junction to prevent the sample 
from flowing through the stop flow junction in the ab- 
sence of diluent but allowing flow through the stop 
flow junction when the diluent receiving means re- 
ceive diluent and diluent enters the flow directing 
chamber, waste means for emptying the flow direct- 
ing chamber after sample has entered the flow direct- 
ing chamber and the sample has filled the measuring 
chamber, wherein the waste means operates by ca- 
pillary and gravitational forces, whereby diluent add- 
ed to the diluent receiving means after sample has 
been added to the sample receiving means flow 
through the flow control member and expels sample 
from the measuring chamber into the receiving cham- 
ber, thereby causing a fixed ratio of sample to diluent 
to be delivered to the receiving chamber. 

In some embodiments, a second dilution of the 
initial mixture is provided by using a valve to control 
passage of liquid from the mixing chamber to a hydro- 
statically connected mixture isolating chamber. In 
preferred embodiments, the mixture isolating cham- 
ber is similar to the first series of chambers and flow 
means as described above, although other arrange- 
ments are also possible. 

A number of particularly useful embodiments are 
described that avoid a number of minor problems as- 
sociated with previous dilution and mixing cartridges. 

The present invention will be better understood 
by reference to the following detailed description of 
the invention when considered in conjunction with the 
attached drawings that form a part of the present 
specification, wherein: 

Figures 1 is a vertical cross-sections of a first em- 
bodiment of the invention. 

Figure 2 is a series of four vertical cross-section 
of the embodiment of Figure 1 taken at locations A-A 
through D-D of Figure 1. 

Figure 3 is a schematic diagram of a specific ana- 
lysis scheme used in a device of the invention. 

Figure 4 is an expanded perspective view of a 
first flow directing chamber of the invention. 

Figure 5 is an expanded perspective view of a 
second flow directing chamber of the invention. 

The present invention provides an apparatus and 
a method by which small samples can easily be 
measured and diluted. The apparatus is small, con- 



venient to use, and requires no moving parts for the 
movement of fluid, gravity and capillary action being 
sufficient to provide all fluid motive forces required for 
the sample measurement and dilution steps. The ap~ 
5 paratus of the present invention resembles dilution 
and mixing cartridges described in US-A-5 077 017 
and EP-A-305 210. However, the apparatuses of the 
present invention provide a number of improvements 
over the previously provided dilution and mixing ap- 
w paratuses, particularly In ease and security of oper- 
ation. Among the specific improvements of the pres- 
ent apparatus are flow directing chambers that pro- 
vide flow of desired volumes of sample (or diluted 
sample) at appropriate locations in the apparatus to 
is a measuring chamber while directing excess sample 
to waste locations, provisions to allow the dilution ap- 
plication site to be located at a vertical height below 
the sample application site, and various control devic- 
es provided in the monitor into which the cartridge is 
20 inserted to verify correct operation of the device. 

As with the apparatus of EP-A-305 210, the car- 
tridge of the present invention includes a sample ap- 
plication site, a diluent application site, a measuring 
chamber, a mixing (receiving) chamber, various chan- 
25 nels to provide flow of liquid between parts, and, in 
the case of serial dilutors, a mixture isolating and 
measuring chamber and at least one valve controlling 
passage of fluid from the mixing chamber to the mix- 
ture isolating and measuring chamber. All of these 
30 parts of the cartridge have been described in the in- 
dicated applications, which can be referred to for 
greater detail if desired. They are recited in the pre- 
characterizing part of present claim 1 . 

One of the key aspects of the present device is a 
35 flow directing chamber, a non-capillary internal 
chamber which receives both sample and diluent and 
directs a portion of the sample into a measuring 
chamber while directly the remainder of the sample 
into a waste chamber. When diluent reaches the flow 
40 directing chamber, sample contained in the measur- 
ing chamber is expelled into the receiving chamber, 
which then fills with a defined ratio of sample and 
diluent The flow directing chamber also allows mon- 
itoring of proper operation of the dilutor to an extent 
45 not previously possible. 

The apparatus of the invention can provide for a 
single dilution, as in the valveless dilutors described 
in EP-A-305 210 Serial dilutions can be provided by 
using a valve to control passage of a portion of the in** 
so tially obtained mixture into a mixture dilution and 
measuring chamber. This portion can take any of the 
forms described In US-A-5 077 017. However, in pre- 
ferred embodiments as described herein, it contains 
essentially the same chambers and passageways as 
55 the initial diluting pathway described above. All of 
these parts are described in greater detail below. The 
following detailed description of the various parts of 
the apparatus is organized by following the course of 
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action as a sample is applied to the apparatus and is 
diluted. 

The sample is a liquid and may be derived from 
any source, such as a physiological fluid; E.G., blood, 
saliva, ocular lens fluid, cerebral spinal fluid, pus, 
sweat, exudate, urine, milk, or the like. The liquid 
sample may be subjected to prior treatment, such as 
preparing serum or plasma from blood or dissolving 
or suspending a solid in a liquid. Examples of sample 
treatments prior to application to the apparatus of the 
invention include concentration, filtration, distillation, 
dialysis, Inactivation of natural components, chroma- 
tography, and addition of reagents. In additbn to 
physiological fluids, other liquid samples can be em- 
ployed. Examples of other liquid samples include 
process streams, water, plant fluids, chemical reac- 
tion media, biological growth media, and the like. For 
the most part, the liquid will be aqueous, although 
other liquids can be employed. Aqueous media may 
contain additional miscible liquids, particularly oxy- 
genated organic solvents, such as lower alkanols, di- 
methyl fbrmamide, dimethyl sulfoxide, acetone, and 
the like. Usually the solvents will be present in less 
than about 40 vol%, more usually in less than about 
20 vd%, in order to maintain the high surface tension 
that is present in aqueous solutions. However, the ap- 
paratus of the invention can be modified as described 
below for use with liquids exhibiting different surface 
tensions. 

The sample application site (also referred to as a 
sample receiving site) will generally be a cavity on a 
surface of the apparatus or may simply be an opening 
(optionally surrounded by a ring or tube) leading to 
the interior of the apparatus. The sample application 
site can contain a filter, for example, to separate red 
blood cells from plasma (see US-A-4,753,776), or 
may represent a connection between the apparatus 
of the invention and some other apparatus that ma- 
nipulates the sample prior to its entering the present 
dilution apparatus. For example, the application site 
can be a recess into which a standard capillary tube 
will fit 

When the sample application site is a recess for 
insertion of a capillary tube, the capillary tube can act 
either as a convenient means for transferring the 
sample or can act as a measuring chamber, either by 
completely filling the capillary or by filling the capil- 
lary to a particular mark. The sample application site 
in such embodiments acts as a point of transfer. 

In other cases, the sample application site will be 
an external chamber, such as a recess on an upper 
surface of the device into which sample is inserted. 
Such surface recesses are referred to herein as ex- 
ternal chambers, to distinguish them from chambers 
located in the interior of the housing that forms the 
cartridge. The application site can be provided with a 
raised lip surrounded by a catch basin so that the ap- 
plication site can be filled to overflowing, with excess 



sample overflowing into the catch basin. Means for 
draining off a large excess of sample or sample inad- 
vertently applied to the wrong location are discussed 
in EP-Ar305 210 and US-A-5 077 017. 

5 When sample is applied to the sample application 
site, the liquid sample normally flows without the ap- 
plication of external force (except unassisted gravity) 
through a fluid passageway into a flow directing 
chamber, comprising an internal chamber in the hous- 

10 ing that forms the apparatus. External force, e.g., 
from compressed air, can be used to move the sample 
to the flow directing chamber but is not required and 
in fact is not preferred. The flow directing chamber 
acts to divert a portion of the sample that first enters 

f 5 the flow directing chamber into a sample measuring 
chamber, which has a predetermined volume and 
which operates to measure and hold a portion of the 
sample for dilution. The remainder of the sample that 
enters the flow directing chamber is automatically d'h 

20 verted by the flow directing chamber into an exit port 
leading to a waste chamber or to some other means 
of disposing of excess sample beyond that required 
to fill the sample measuring chamber. 

The flow directing chamber is essentially a small, 

23 non-capillary, internal chamber in the apparatus hav- 
ing entrances and exits for sample and diluent By 
"non-capillary" is meant that flow of liquid through the 
chamber requires gravitational assistance. In prefer- 
red embodiments, one exit is the opening connecting 

30 the measuring chamber to the flow directing chamber. 
The other exit provides a flow connection with the 
waste chamber. The entrances for sample and diluent 
are generally connections to capillary pathways lead- 
ing to the sample application site and the diluent ap- 

35 plication site. The exits are located at gravitational ly 
low points in the flow directing chamber with the en- 
trances being located above the exits so that liquid 
flows from the entrances to the exits under the influ- 
ence of gravity. 

40 The entrances and exits are located to insure that 
the measuring chamber is filled with the available 
sample. Such filling can take place by locating the 
sample entrance so that sample reaches the en- 
trance to the measuring chamber before sample 

46 reaches the entrance to the waste chamber. For ex- 
ample, by locating the entrance for sample flow 
above the measuring chamber exit and closer to the 
measuring chamber exit than to the waste flow exit, 
sample initially entering the flow directing chamber 

so can be directed to the measuring chamber. When the 
measuring chamber fills, as discussed below, excess 
sample flows past the measuring chamber entrance 
to the waste chamber entrance. By providing appro- 
priate geometry of a flow directing chamber and the 

55 waste exit (or other provision for removing waste sam- 
ple), all excess sample wiD be drained out of the flow 
directing chamber so that when diluent later enters 
the flow directing chamber, only sample in the meas- 
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uring chamber will be expelled into the receiving 
chamber as described below. 

Since diluent entering the flow directing chamber 
will mix with any sample remaining in this chamber 
and be divided unpredictably between the receiving 
chamber and waste means, it is desirable to reduce 
the amount of sample left in the flow directing means 
as much as possible. The amount of sample left in the 
flow directing chamber will be less than the maximum 
allowed by the accuracy of the test being employed. 
For example, if the test is accurate to 1 0%, the volume 
of sample left in the flow directing chamber will be 
less than 1 0% of the volume of sample captured in the 
sample measuring chamber. Preferably, this amount 
is less than 5%, more preferably less than 2%, even 
more preferably less than 1 % of the measured sample 
volume. 

A number of different geometries can be provided 
to achieve the desired result For example, the flow 
directing chamber can be essentially in the shape of 
a truncated cube or wedge so as to provide a horizon- 
tal surface and vertical sides with a floor sloping 
downward in the direction of one axis (the axes being 
defined by the walls that intersect at right angles). 
This is essentially the shape of the first control cham- 
ber shown in the apparatus of Figure 1 , which is dis- 
cussed below in more detail. The sample measuring 
chamber exit and waste exits are located at the two 
bottom corners of the chamber, which are located at 
equal heights (in a gravitational field). The sample en- 
ters the waste chamber at the corner directly above 
the sample measuring chamber, and diluent enters 
the chamber near the corner diagonally opposite the 
corner of the upper surface where the sample enters. 

Alternatively, the flow directing chamber can be 
essentially a truncated cube as described above but 
with a floor sloping downward along two axis (i.e., di- 
agonally) to provide a single low point at one corner 
of the "cube." This is essentially the shape of the sec- 
ond flow directing chamber of the apparatus of Figure 
1 . In the first type of chamber discussed above, the 
sample measuring exit and waste exit are spaced 
apart In this second embodiment, they are located 
close together at the single low point in the chamber. 
In both cases, however, the waste exit is located at a 
gravitational low point in the chamber to ensure that 
al of the sample that is to be diluted that enters the 
chamber is removed from the chamber before diluent 
reaches the chamber. When the two chamber exits 
are located dose together so that sample reaches 
them at essentially the same time, the sizes of the ex- 
its can be adjusted to insure that sample fills the 
measuring chamber before sample is depleted. 

Other geometries are also possible. For example, 
it is possible to have sample reach the waste exit be- 
fore reaching the sample measuring exit if the exits 
are properly sized to insure that sufficient sample 
reaches the measuring chamber before sample in de- 



pleted by the waste exit Likewise, the waste exit 
need not be at the absolute lowest gravitational point 
in the chamber if other means are provided to insure 
that all excess sample is drained from the flow direct- 
5 ing chamber. For example, edge effects resulting 
from surface tension of the sample can be used to 
draw excess sample along an edge of a chamberf rom 
a low point in the chamber to a somewhat higher exit 
It is also possible to use flow deflectors, usually pro- 
10 Jections or grooves in the walls of the flow directing 
chamber, to direct flow to the correct locations. 

It is preferred to have the initial portion of the 
waste exit be of capillary dimensions to assist in 
drawing excess sample out of the flow directing 
15 chamber. It is also possible to use a porous material 
to "wick" excess sample from the flow directing cham- 
ber, as this is also a capillary action resulting from 
surface effects in the fine pores of the porous mate- 
rial. Example of porous materials include cotton, pa- 
20 per, cellulose fibers, glass fiber pads, and porous cer- 
amics. The porous materials are used in the form of 
a wicking element that can contact the excess sample 
at an appropriate location in the flow directing cham- 
ber or that are present in waste chambers connected 
23 to the flow directing chamber by a capillary. Techni- 
ques for wicking excess sample from the sample ap- 
plication site into a waste chamber are described in 
US-A-5 077 017, and can be adapted for use in the 
present invention to wick excess sample from the 
30 flow directing chamber. Those ski lied in the art will be 
able to adjust the geometry of the chamber and to 
provide absorbent materials (when used) as neces- 
sary, using the guidance provided herein, to achieve 
the desired result of filling the measuring chamber 
35 with sample and draining the flow directing chamber 
of excess sample before diluent is added. 

The measuring chamber can be a capillary chan- 
nel or chamber, in which case capillary action will aid 
or in some cases provide all the force necessary for 
40 filling the measuring chamber with sample from the 
sample application site by way of the flow directing 
chamber. Capillary channels and chambers will gen- 
erally have at least one dimension perpendicular to 
the flowpath in the range 0.01 to 2.0 mm, more gen- 
45 erally 0.1 to 1.0 mm. Capillary spaces (of whatever 
type) have at least one dimension at right angles to 
the direction of flow in the range required to support 
flow. Capillary channels have both dimensions at 
right angles to the direction of flow in the range re- 
50 quired to support flow. Capillary chambers have one 
dimension at right angles to flow that would not sup- 
port capillary flow but provide for capillary flow by 
having the second dimension at right angles to flow 
in the required range (similar to the space between 
55 two flat plates that are closely spaced). However, 
larger measuring chambers that are not capillary in 
any dimension are also possible. The sample meas- 
uring site is said to be in "fluid receiving relationship" 
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to the flow directing chamber in order to indicate that 
unassisted flow occurs. In order for proper operation 
of the stop flow junction to occur, it is essential that 
the measuring chamber be filed solely by capillary 
and gravitational forces, as will be apparent from the 
description of the stop flow junction below. 

The geometry of the measuring chamber is such 
that when diluent is added to the apparatus at a later 
step, essentially all of the sample in the measuring 
chamber will be expelled Into the receiving chamber. 
One means of accomplishing this is by providing for 
smooth flow of diluent through the measuring cham- 
ber. A straight or curved tube with an essentially con- 
stant cross section open at both ends is thus a pre- 
ferred embodiment for this type of measuring cham- 
ber. This type of measuring chamber is seen in the 
first measuring chamber (140) of Figure 1 . In prefer- 
red embodiments of this type, diluent enters the 
measuring chamber in a front across the entire cross- 
sectional area of flow. This helps avoid mixing of dilu- 
ent with sample and passage of diluent through the 
measuring chamber without expelling essentially all 
of the sample, which can occur if a small stream of 
diluent enters into a broader cross-sectional area of 
the measuring chamber. 

However, measuring chambers that vary in cross 
section are also possible, as demonstrated in the sec- 
ond measuring chamber (240) of Figure 1. In fact. It 
is desirable to have the initial portion of the measuring 
chamber be as small as practical, as this aids in re- 
ducing the amount of sample that may be lost from the 
measuring chamber when diluent initially rushes into 
the flow directing chamber. Initial diameters of less 
than 0.5 mm are desirable, preferably less than 0.2 
mm. If the entrance to the sample measuring charrv 
ber is targe, sample Is washed up into the chamber 
when diluent first enters. An unmeasured quantity of 
sample then flows into the waste chamber as diluent 
continues to fill the flow directing chamber and flows 
into both the measuring chamber and the waste 
chamber. Although this problem cannot be completely 
eliminated, using a small opening to the sample 
measuring chamber will reduce sample losses to ac- 
ceptable levels. A small opening is therefore preferred 
even when the remainder of the measuring chamber 
is large (e.g., of non-capillary dimensions). 

Additionally, while most measuring chambers will 
be manufactured to have a fixed volume, it is possible 
to provide chambers (both measuring chambers and 
other types of chambers and internal compartments) 
whose volume can be varied, for example by a closely 
fitting plunger used to adjust the volume of the cham- 
ber prior to use. The internal volume of such an ad- 
justable chamber would be set to the desired value by 
the user, normally prior to addition of sample to the 
apparatus. 

When sample flows into a measuring chamber, 
flow stops when sample reaches a stop flow junction, 



so called because it marks the junction between the 
early part of the fluid track in which sample flows 
freely and the later part of the fluid track into which 
sample does not normally flow until initiation of the di- 
5 lution process. Since the stop flow junction exists at 
the limit of the f lowpath of the sample, it will be found 
at one end of the measuring chamber. This same lo- 
cation will normally be the beginning of the receiving 
chamber (i.e.., when the two chambers are directly 
10 connected). However, the stop flow junction can also 
be present in a fluid passageway connecting the 
measuring chamber to the receiving chamber. 

It should be recognized that flow stop can occur 
both stably and metastabiy. A metastable flow stop is 
15 one in which flow stops on the macroscopic level but 
may resume without apparent cause after a time in- 
terval of a few seconds to a few minutes. Gradual 
creep of liquids along container walls or through mi- 
croscopic or submtcroscopic channels resulting from 
20 imperfections in the manufacturing process is be- 
lieved to be the mechanism by which flow starts again 
once it has stopped. Additionally, small, undetectable 
vibrations (such as might be caused by persons walk- 
ing near the apparatus or starting and stopping of 
25 nearby equipment such as air-conditioning units) 
may also be sufficient to start flow in a metastable sit- 
uation. However, there is no requirement of absolute 
stability since the apparatus is designed for addition 
of a diluent and eventual starting of flow at the stop 
30 flow junction. Accordingly, any flow stop which can be 
sustained for at least 10 seconds, preferably at least 
one minute, and more preferably at least five minutes, 
is sufficient for the purposes of this invention. 

A stop flow junction is not a traditional valve as it 
35 has no moving parts. Rather, this junction relies on 
backpressure from the surface tension of the liquid 
sample to stop flow. This backpressure can be creat- 
ed in a number of ways. For example, backpressure 
is created when the cross-sectional area of the flow- 
40 path Increases in a region in which there is contact be- 
tween the liquid and the container walls (e.g., when 
a small tube enters a larger chamber or when the 
cross-sectional area of a channel increases). Greater 
back-pressure and more consistent operation is ach- 
48 ieved when the increase in cross-sectional area of the 
flowpath Is abrupt rather than gradual, particularly 
when there is a break in capillarity in the sample flow- 
path. Imperfections in the container walls during 
gradual widening of chambers may cause liquid to 
so "creep" more on one side than another, thereby avoid- 
ing the creation of back-pressure. Liquid can also 
creep around corners when imperfections are pres- 
ent. Unbalanced forces will also be present when the 
junction is not horizontal. A horizontal junction, for ex- 
55 ample, occurs when a vertical tube enters the top hor- 
izontal surface of a chamber. If a horizontal tube en- 
ters a vertical wall of a container, a vertical junction 
is present and the pressure at the bottom of the stop 
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flow junction will be greater than the pressure at the 
top of the junction, due to hydrostatic pressure 
caused by the different heights of liquid. Nonethe- 
less, non-horizontal stop flow junctions can be creat- 
ed by reducing the diameter of the smaller channel 
containing liquid as it enters the larger area, thereby 
reducing the difference in pressure between the up- 
per and lower portions of the junction. 

In many cases, the junction will be formed when 
a small-diameter measuring tube (I.e., measuring 
chamber) enters a larger receiving chamber. A small 
measuring chamber can enter the larger receiving 
chamber at a right angle or at an angle other than a 
right angle. The angle between the internal wall of the 
small tu be and the surface of the chamber in the latter 
case will be different at different locations around the 
circumference of the junction. 

U.S. Patent No. 4,426,451 , describes a number of 
stop flow junctions that it refers to as "meniscus con- 
trol means* for use in a device in which there is capil- 
lary flow from one zone to another. The stop flow 
junctions described In that patent can be used in the 
apparatus of the present invention. However, the pa- 
tent is not directed to stopping flow when the second 
zone is not a capillary zone. In contrast to the specific 
teachings of the patent which indicate that the walls 
of the capillary chamber must gradually narrow and 
gradually expand in order to provide for flow stop, an 
abrupt widening has been found to be more effective 
in the practice of the present invention when the sec- 
ond chamber (here the receiving chamber) is not a ca- 
pillary space. Although it is recognized that imperfec- 
tions will exist on the molecular level, it is preferred 
that the junction be as sharp as possible from a mac- 
roscopic view point, approaching as closely as possi- 
ble the ideal junction formed by the intersection of the 
plane (which can be curved) forming the walls of the 
measuring chamber with the plane forming the wall of 
the receiving chamber surface in which the stop flow 
junction is found. Maintaining a horizontal junction to 
avoid pressure differentials, reducing the area of the 
junction, changing the surface of the capillary so as 
to decrease the hydro phi lie character (for aqueous 
solutions), providing smooth surfaces (rough surfac- 
es encourage creep of liquid along the surface), and 
providing an abrupt change in cross-sectional area 
(preferably providing an angle between intersecting 
surfaces of about 90° or lower) all operate to prevent 
creep of liquid from one chamber to the other. 

In general, for small (capillary-size) junctions, the 
backpressure will be controlled by the smallest radius 
of curvature assumed by the meniscus. For example, 
when a capillary tube with a circular cross-section en- 
ters a larger space so that liquid bulges out Into the 
space under hydrostatic pressure, the meniscus will 
be approximately spherical, and the backpressure 
(Ap) is given by the Young-Laplace equation: Ap = 
2y/R, where y is the surface tension of the sample flu- 



id and R is the radius of curvature. See, Miller and 
Neogi, "Interfacial Phenomena: Equilibrium and Dy- 
namic Effects", Marcel Dekker, Inc., New York, 1985, 
and Davies and Riedeal "Interfacial Phenomena", 
5 2nd Ed., Academic Press, New York, 1963. If the fluid 
meets the surface at an angle greater than 0°, this 
backpressure will be reduced by a geometric term. 
The radius, R, will change (become smaller) as the 
hydrostatic pressure increases, so that the backpres- 
io sure and hydrostatic pressure balance. As hydrostatic 
pressure increases, R reaches a minimum value 
(maximum curvature) determined by the geometry of 
the device and the contact angle. The corresponding 
backpressure defines the maximum hydrostatic pres- 
f 5 sure sustainable by the stop flow junction. 

Backpressure ts also created when the surface 
that the liquid contacts changes to decrease adhe- 
sion between the liquid and the container wall (for ex- 
ample, when an aqueous sample moves from a hy- 
20 drophilfc to a hydrophobic surface). The surface 
properties of the various interior surfaces of the de- 
vice of the invention can and generally will be control- 
led by various physical and/or chemical treatments. 
For a discussion of controlling surface properties of 
25 similar devices, see EP-A-212 314. For example, 
plastic surfaces can be treated to increase their hy- 
dro phi licity. Either the whole apparatus or specific 
parts can be treated. Alternatively, different parts of 
the apparatus can be made of different plastics. For 
do capillary flow, contact angles of less than 90° are suf- 
ficient, preferably 10-85° and most preferably 30-60°. 
In order to provide these contact angles for aqueous 
samples, the capillary surfaces will be hydrophilic (at 
least to some measurable extent). For non-aqueous 
35 liquids, a hydrophobic surface would be appropriate. 
By using a combination of container wall geometry 
and surface wetability, a backpressure range of from 
0 (no change in cross-sectional area or surface adhe- 
sion) to 20 cm H 2 0 and higher can easily be achieved 
40 with water as the liquid. When the backpressure is 0, 
the location in question is not a stop flow junction. A 
stop flow junction occurs when there is sufficient 
backpressure to prevent the flow of sample past a 
particular point in the flowpath; e.g., from the meas- 
46 uring chamber to the receiving chamber. 

A number of diluent application (diluent receiv- 
ing) sites are disclosed in the EP applications dis- 
cussed above. Any of these diluent application sites 
can be used in an apparatus of the present invention 
so if desired. In the most preferred embodiment, the dilu- 
ent application site is an internal vented chamber in 
the housing that forms the apparatus. Located in the 
chamber is a rupturaWe container of diluent Glass 
containers are particularly preferred, although f rangi- 
59 ble plastic can also be used. An access port is provid- 
ed so that externally applied pressure can be used to 
rupture the container. A passageway connects the 
diluent chamber to the flow directing chamber, so that 
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diluent can flow from the ruptured container to the 
flow directing chamber. Diluent fills the flow directing 
chamber so that the hydrostatic pressure at the stop 
flow junction is exceeded and the sample ts expelled 
into receiving chamber along with a portion of the dilu- 
ent Excess diluent flows into the waste chamber or 
remains in the diluent application chamber and/or 
flow directing chamber. 

In the apparatus shown in Figure 1 , the initial dilu- 
ent chamber (170) ts located at a particularly prefer- 
red location below the sample application site. This 
low position for the diluent prevents backflow of dilu- 
ent through the sample application site, ft might ap- 
pear that such an embodiment would not be capable 
of providing more hydrostatic pressure at the stop 
flow junction when diluent is released than was avail- 
able when sample was added to the sample applica- 
tion site, since the sample application site is gravita- 
tion ally higher. However, the needed hydrostatic 
pressure is in fact provided by the diluent and cannot 
be provided by the sample, because of the flow direct- 
ing chamber. In the apparatus as described herein, no 
static column of sample is developed between the 
sample application site and the stop flow junction 
when sample is added. The flow directing chamber, 
and the waste exit provide a means for draining off 
sample without allowing that sample to exert pressure 
on the sample contained in the sample measuring 
chamber. The effective height of the sample therefore 
never exceeds the height of the sample measuring 
chamber. However, the diluent is present in signifi- 
cantly larger quantity than the sample, so that the 
flow directing chamber is filled along with a portion of 
the waste chamber and the passage way leading 
back to the sample application sfte. Sufficient hydro- 
static pressure is therefore developed to break the 
back pressure at the stop flow junction and expel the 
sample and diluent into the receiving chamber. 

If the diluent application site is above the sample 
applications site, diluent will flow toward the sample 
application site through the passageway connecting 
the diluent and sample application sites. When flow 
resumes at the stop flow junction, this diluent and any 
trapped sample in the passageway wiO flow back into 
the flow directing chamber. Since, at least in the case 
of capillary passageways, some amount of sample is 
likely to remain in the passageway joining the sample 
application site to the flow directing chamber, there is 
some difficulty in designing a cartridge to provide a 
predetermined, reproducible ratio of sample and dilu- 
ent reaching the receiving chamber. Satisfactory re- 
sults can be obtained for many reactions by empirical 
measurement of dilution followed by remanufacture 
of the cartridge to new specifications and retestlng. 
Design of a cartridge is much simpler, however, by us- 
ing the lower diluent application site to avoid back- 
flow, as described above. 

There are no particular restraints on the geome- 



try of the receiving (mixing) chamber other than that 
smooth fluid flow be provided for in order to prevent 
trapping of gas bubbles. Providing entry of sample 
and diluent into a lower portion of the receiving cham- 
5 ber and providing an upper surface of the receiving 
chamber that slopes upward toward a vent both aid in 
avoiding trapped bubbles. It is desirable, however, to 
ensure that the exit for mixed diluent and sample (if 
present in the receiving chamber, see below) is locat- 
w ed at a distance from the entrance for sample and 
diluent If the exit and entrance are located too close 
to each other, diluent flowing into the chamber while 
mixture is exiting can reach the exit too early and re- 
sult in diluent rather than mixture reaching the second 
is measuring chamber. Other provisions can be made to 
ensure smooth flow of mixture through the exit such 
as locating the mixture exit at a low location and the 
diluent entrance at a high location for diluents that 
are lighter than the mixture of sample and diluent 
20 (and vice versa). 

The vents used in the various chambers of the 
device can merely be a small hole terminated by a 
stop flow junction in order to avoid exit of liquid from 
the device or can be a more sophisticated vent de- 
25 signed for gas exit without exit of liquid (e.g., a micro- 
porous, hydrophobic plug capable of passing air but 
not hydrophilic liquids). Stop flow junctions can also 
be placed in the early portion of a long vent to prevent 
a relatively large quantity of liquid from entering the 
30 vent from the the vented chamber. A vent or other 
means to allow exit of trapped air is provided at every 
location in the apparatus in which the trapping of air 
would interfere with the passage of liquids between 
the various chambers and/or channels of the device. 
35 Although there is no theoretical upper limit on the 

size of samples that can be measured and diluted in 
this first step (or later steps) using an apparatus of the 
invention, the method and apparatus are particularly 
suitable for measuring and diluting small quantities of 
40 liquids. Accordingly, the sample measuring chamber 
will generally have a volume of from 0.1 |iL to 100|xU 
preferably 1*iL to 30^1_ and most preferably 3yL to 
1 0^L The receiving chamber, which acts to limit dilu- 
ent volume and fee the ratio of sample to diluent gen- 
46 eraOy has a volume of from 3pL to 1 OOOyL, preferably 
IO41L to 300pL, and most preferably 30iiL to 100nU 
thereby providing dilution ratios of from 10*:1 to 3:1, 
preferably 10^:1 to 10:1, and most preferably 100:1 to 
1 0:1 . Channels through which capillary flow will take 
50 place will usually have opposing walls spaced in the 
range of about 0.01mm to 2mm, more usually about 
0.1mm to 1mm. The capillary spaces can be tubular 
(which does not necessarily imply a circular cross- 
section but can be square or other regular shapes) or 
55 can represent the space formed by flat plates and 
side walls with the side walls being spaced further 
apart than a capillary distance. A tubular chamber 
with at least one flat side (e.g., a square cross- 
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sectional area, a rectangle with adjacent sides differ* 
ing in length by no more than a factor of 1 :2 to 1 :4, or 
a semicircular chamber) are preferred for ease of 
manufacture in cases where channels are being 
formed by the joining of two adjacent surfaces, one 
of which can be flat 

It should be recognized that statements in this 
specification indicating upper and lower limits of 
ranges are to be taken as individually designating a 
series of upper limits and a series of lower limits 
which can be utilized in any combination. For exam- 
ple, a typical upper limit and a preferred lower limit 
may be used in combination to define a range of in- 
termediate preference. 

The apparatus as described above provides for a 
single dilution of a sample with a diluent Any appa- 
ratus that carries out a dilution in the manner descri- 
bed is considered to faU within the scope of the pres- 
ent invention, whether the dilution occurs by itself or 
as part of additional operations that occur in the de- 
vice. For example, other operations can be carried out 
on an original sample so as to provide a mixture. This 
mixture is then the "sample" that is later diluted. Al- 
ternatively, provision can be made for other opera- 
tions to take place on the mixture formed in the man* 
ner described above. 

In particular, the present inventors contemplate 
providing serial dilution and mixing capabilities using 
a mixture measuring and Isolating chamber hydro- 
statically connected to the mixing chamber and a 
valve controlling passage of fluids from the mixing 
chamber to the mixture isolating chamber. The first 
dilution takes place as indicated above during which 
time the indicated valve is closed to prevent escape 
of liquid from the mixing chamber. After the first mix- 
ture is formed, the valve controlling flow to the mix- 
ture isolating and measuring chamber is opened, and 
fluid flows from the mixing chamber under the influ- 
ence of hydrostatic pressure and/or capillary attrac- 
tion. The portion of the mixture isolating chamber into 
which the mixture flows is smaller in volume than the 
total volume of mixed sample and diluent This vol- 
ume is determined by the geometry of the chamber, 
the amount of hydrostatic pressure available from liq- 
uid in the mixing chamber, and any capillary forces 
that are present US-A-5 077 017, describes various 
geometries that can be provided for a mixture isolat- 
ing chamber depending on whether the intent is to 
carry out a second dilution In the original mixing 
chamber of to transport the isolated portion of the 
mixed sample and diluent to another location for fur- 
ther dilution and/or analysis. Any apparatus that car- 
ries out a single dilution as described above and a 
second dilution as described in the prior application 
will fell within the scope of the present invention. 

However, a particularly preferred embodiment of 
the present invention is directed to an apparatus in 
which serial dilutions are carried out, both of which fall 



within the scope of the single-dilution invention set 
forth above. In such embodiments, the mixture isolat- 
ing chamber will comprise the same types of cham- 
bers and passage ways as described previously, with 

5 the exception that they wi II operate on the mixture as 
a sample rather than on an initially obtained sample. 

Any type of valve that will control the passage of 
liquids between chambers and/or channels can be 
used in the apparatus of the present invention. Sim- 

10 pie valves that can be actuated to move between an 
open and a closed position by the application and re- 
lease of a simple external force are preferred. 

Examples of such valves include resilient block- 
ing members that are present in or adjacent to a liquid 

15 flow path. For example, a resilient blocking member 
can be present in a converging or diverging pathway 
so that the narrow portion of the pathway is blocked 
by the resilient blocking member when the blocking 
member is in its normal position. Application of force 

20 in a direction generally away from the restricted por- 
tion of the flowpath and toward the wider portion of 
the flowpath will open the valve by moving the block- 
ing member away from the narrow walls of the flow- 
path. Alternatively, a normally open valve can be pro- 

23 vided which is blocked by movement of a resilient 
blocking member to a location that cuts off flow of liq- 
uid. Specific examples of such valves are set forth in 
more detail below. 

Other examples of such valves include sliding 

30 pins closely engaging a channel that laterally traver- 
ses a fluid flowpath. The pin has a segment capable 
of obstructing flow through the flowpath when the pin 
is in a first position and a segment capable of allowing 
flow through the flowpath when the pin is in a second 

35 position. Examples of such pins Include rectangular 
pins having a flowpath channel between two opposite 
faces of the pin, the flowpath channel being out of reg- 
ister when the block is in a closed position and in reg- 
ister with the principal flowpath when the block valve 

40 is open. Pins with circular cross-sections can be used 
by providing an obstructing segment of the pin that 
snugly engages the channel in which the pin fits and 
obstructs the flowpath when the pin is in a closed 
position. A smaller cross-sectional area (such as is 

46 present in the handle of a dumbbell) provides an an- 
nular flowpath around the smaller, central portion of 
the pm when the pin valve is in the open position. 

A resilient member can be provided to bias the pin 
into either the closed or the open position. Aforce act- 

50 ing on the pin can then slide the pin to a second loca- 
tion so that the pin valve is in the alternate position. 

In preferred embodiments, access for the appli- 
cation of an external force on the pin is provided so 
that the pin can be moved between its two positions. 

55 For example, a section of the pin that protrudes ex- 
ternally from the apparatus can be provided so that 
a force acting parallel to the sliding axis of the pin can 
move the pin from its first biased position to a second 
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position by acting against the direction of the biasing 
force. Alternatively, an aperture leading from a face 
of the pin opposite the biasing force to the external 
environment can be provided. Externally applied 
pressure, such as from compressed air or a finger of 
an external apparatus that enters the aperture, can 
be used to slide the pin between its open and closed 
positions. A resilient seal can be provided to prevent 
loss of liquid through the aperture while allowing force 
to be applied to the pin. Such seals can also be pro- 
vided for the resilient blocking members described 
above. 

The valves that can be used as integral parts of 
a cartridge of the present invention are not limited to 
those specifically exemplified here. Rather, any 
valve can be used that can control the flow of liquids 
through small flowpaths, such as flexible walla (E.G., 
latex) of a f lowpath that can be compressed to restrict 
flow of liquid through the flowpath. Additionally, a dis- 
solvable barrier can be provided in instances where 
an initially closed valve will be opened once and then 
maintained In the open position. 

It is also possible to provide an external valve. For 
example, a flowpath through which capillary flow oc- 
curs can be blocked by closing an external vent 
When the external vent is closed, liquid cannot enter 
the capillary pathway because of air or other gases 
in the capillary pathway. Opening the vent allows liq- 
uid to enter the capillary pathway. If the vent is closed 
while liquid is contained In the capillary pathway, the 
isolated liquid can later be used for other manipula- 
tions. 

Valves consisting of external vent controls can be 
used in any situation where flow occurs through a ca- 
pillary pathway (so that trapped air is effective to con- 
trol flow of liquids) and where no free liquid that might 
leak is stored in the cartridge prior to use. Encapsu- 
lated liquid (e.g., in glass ampoules) can be present 
in devices using external vent controls. In many cases 
it Is desirable to store premeasured diluents (which 
can contain reagents) in the cartridge when the car- 
tridge is delivered to an end user. Internal mechanical 
valves or rupturabfe barriers are preferred for such 
uses in order to prevent accidental leakage. 

By providing valves that can be operated by a 
simple externally applied force, a cartridge-tike de- 
vice can be provided in which the valves are opened 
and closed In a predetermined manner by an analyt- 
ical device into which the cartridge is inserted. This 
analytical device can contain various optical and/or 
other types of sensors for detecting the presence of 
liquids or analytes in various mbd ng and/or measuring 
chambers of the cartridge in addition to providing 
means for opening and dosing the valves and is 
therefore sometimes referred to in this specification 
as a monitor. 

The apparatus of the present invention can be 
designed for use with a particular assay or can be de- 



signed and prepared as an apparatus in which multi- 
ple assays can be carried out, depending on the order 
in which various valves are opened and closed and 
the contents of the various diluents, which can con- 

5 tain reagents for the development of a detectable sig- 
nal (e.g., a colour reaction) that depends on the pres- 
ence of an analyte in the sample. 

Reagents can be provided at various locations in 
the device. Incubation times can be controlled by 

w either manual operation of valves or by a mechanical- 
ly or electronically stored program in the monitor into 
which the cartridge is inserted. The program would 
control the order and timing of opening and closing 
valves. The programmed device would contain sole- 

15 noids or other means for providing force to open 
and/or close valves or rupture containers containing 
diluent In embodiments in which flow through a ca- 
pillary pathway is being controlled by the opening and 
closing of a vent a movable sealing pad that is capa- 

20 ble of closing the vent will form part of the external 
programmed device into which the cartridge is insert- 
ed. 

The monitor is also capable of detecting correct 
operation of the cartridge by providing sensors that 

25 detect the presence of liquids at various locations in 
the fluid pathways of the cartridge and comparing the 
signals provided by the sensors with the signals that 
would be produced during proper operation of the car- 
tridge. Automatic detection of proper operation is de- 

30 sirable when the cartridge is in the hands of an unskil- 
led user, which is a desred end use of the cartridge. 
For example, if the user must apply a drop of blood 
(as the sample) to the sample application site, several 
problems can occur. Some patients have trouble ob- 

35 taining a drop of blood of sufficient volume. For exam- 
ple, if proper operation of the cartridge requires 25 til 
of blood and only 20 nl is added to the sample appli- 
cation site, the sample measuring site may not com- 
pletely fill. If diluent is then added automatically (such 

40 as after a preselected time), the dilution will be great- 
er than desired, and an incorrect result will be ob- 
tained. 

The cartridge of the present invention provides 
suitable locations in the flow paths, particularly by 

46 providing flow directing chambers, to allow adequate 
monitoring of this and other potential problems. Alight 
source and detector can be provided in the monitor so 
that they are located on opposite sides of the flow di- 
recting chamber when the cartridge is registered in 

so the monitor. By detecting light that passes through the 
flow directing chamber at different location, different 
aspects of sample (and diluent) flow can be detected. 

For example, sample entering the flow directing 
chamber can be detected by detecting light at a ioca- 

55 tion adjacent the sample entrance. This allows initia- 
tion of timing of later operations. For example, the 
sample can be incubated with a reagent located in the 
sample measuring chamber for a specif led amount of 
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time without requiring any operation on the part of the 
user other than applying the sample. 

By using a flow directing chamber with two 
spaced-apart exits leading to the sample measuring 
and waste chambers, locating the sample entrance 
so that sample reaches the sample measuring cham- 
ber entrance before it reaches the waste chamber en- 
trance, and locating the light path for the sensor be- 
tween the two exits, two different measurements of 
system operation can be carried out with a single sen- 
sor. Since sample fills the measuring chamber before 
reaching the waste exit, detection of sample indicates 
that the sample measuring chamber has filled. Con- 
tinuing to monitor the same location allows detection 
of complete emptying of the flow directing chamber, 
as sample flows out of the flow directing chamber and 
into the waste chamber. Dilution can then be properly 
timed to avoid accidental addition of diluent while 
sample is still present in the flow directing chamber, 
which would lead to too low a dilution as extra sample 
was swept into the receiving chamber along with the 
diluent Other problems that might lead to sample in 
the flow directing chamber, such as a clogged waste 
exit or too large a sample, could also be detected. 

A series of Figures is provided to illustrate a num- 
ber of embodiments of the invention. The embodi- 
ments shown in the Figures are not intended to be 
comprehensive, and numerous other embodiments 
within the scope of the appended claims will be ap- 
parent to those of ordinary skill in the field of the in- 
vention. 

Figure 1 is a plan view from the front of a first em- 
bodiment of the invention in which lines A-A, B-B, C- 
C, and D-D show the location of the cross-sectional 
views shown in Figure 2. As shown in Figure 2, hous- 
ing 1 00 is prepared f ran three separate pieces, a cen- 
tral base member No. 102 and two cover plates 104 
and 106. Chambers formed in the front face of base 
member 102 (the left side of the cross-sectional view 
shown in Figure 2) are shown with solid lines In Figure 
1. Passage ways formed in the back face of base 
member 102 (the right side of the cross-sectional 
view shown in Figure 2) are shown by dashed lines in 
Figure 1. Through connections, which are generally 
holes passing from one face to the other, are shown 
by circles in Figure 1 . All such passageways would be 
visible in embodiments prepared from transparent 
plastic as described in US-A-4,756,844. However it 
is also possible to prepare the cartridge from an opa- 
que material if provisions are made for light paths at 
the appropriate locations. 

The apparatus shown in Figure 1 is capable of 
carrying out two dilutions serially. Parts of the appa- 
ratus associated with the first dilution are numbered 
from 110 to 190. Parts of the apparatus associated 
with the second dilution are numbered from 205 to 
282. Where two parts perform the same function in 
the first and second di lutions, the last two digits of the 



identifying number are the same. Parts of the appa- 
ratus associated with the housing are numbered from 
100-106, and parts of the monitor that interact with 
the cartridge shown in Figure 1 are numbered 300 

5 and above. The apparatus will be described by refer- 
ence to the indicated numbers while following a sam- 
ple through a series of two dilutions in the apparatus. 

A sample is added initially to sample application 
site 110. The sample flows down passageway 120 to 

io flow directing chamber 1 30, entering the chamber at 
an entrance 136 in the upper left hand portion of the 
chamber as shown in Figure 1. Passageway 120 has 
capillary dimensions, while chamber 130 is suffi- 
ciently large so as not to support continued capillary 

15 flow. Sample flows by gravity down the left-front 
edge of chamber 1 30 and encounters entrance 1 32 to 
measuring chamber 140. Sample continues to flow 
down measuring chamber 140, which is of capillary 
dimensions. Sample flow stops when the leading 

20 edge of the sample reaches stop flow junction 1 45 at 
the junction between sample measuring chamber 140 
and receiving chamber 150. Vent 1 59, located in a up- 
per portion of chamber 1 50, is connected to common 
vent 101 to allow exit of gases from chamber 150, 

25 thereby allowing flow of sample into capillary sample 
measuring chamber 140. 

Excess sample continues to flow down passage- 
way 120 into flow directing chamber 130. Since sam- 
ple can no longer enter measuring chamber 140. sam- 

30 pie accumulates at the bottom front edge of the cham- 
ber since the floor of the chamber slopes downward 
toward thef rontof the chamber (see Figure 2, part A). 
When excess sample reaches waste exit 134, waste 
channel 160, which is of capillary dimensions, draws 

35 sample into waste chamber 1 90. Since waste exit 1 34 
is at a gravitational low point of chamber 1 30, excess 
sample continues to flow into waste chamber 190 un- 
til all excess sample has been drained from chamber 
130. 

40 At this time, rupturable container 1 75, which is lo- 
cated in diluent application chamber 170 Is ruptured 
by a mechanical finger (302; shown in Figure 2, part 
C) inserted through access port 177. Rupturing of 
container of 175 is discussed in detail below. Diluent 

46 flows through channel 180 along the front face of the 
apparatus, passes through channel 181 to the back 
face of the apparatus, and enters flow directing 
chamber 130 through entrance 138. Sufficient vol- 
ume of diluent is provided to fill flow directing cham- 

50 ber 130 and at least a portion of waste chamber 190 
while sufficient diluent remains in chamber 170 to 
provide a hydrostatic pressure at stop flow junction 
145 sufficient to initiate flow, so that the sample trap- 
ped in measuring chamber 140 Is expelled into recetv- 

55 ing chamber 150, followed by diluent Diluent fills 
chamber 150, thereby providing a fixed ratio of sam- 
ple to diluent in the chamber. 

Mixing in chamber 150 can be provided by a nunv 
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ber of techniques. It is preferred to begin mixing the 
sample and diluent as they enter the chamber so that 
any mixture entering the vent will have approximately 
the same composition as the mixture remaining in the 
chamber. However, the volume of the vent Is suffi- 
ciently small so that negligible error results. Addition- 
ally, it is possible to include a separate stop flow junc- 
tion in the vent to prevent excess exit of liquid, should 
higher accuracy be desired. Such a stop flow junction 
and the vent to the mixing chamber Is a part of the ap- 
paratus relating to the second dilution, as discussed 
below. 

Exit 210 in receiving chamber 150 serves as the 
entrance for mixture into the second dilution portion 
of the apparatus. During this initial first dilution, how- 
ever, passage way 205 is blocked by a valve shown 
in detail in Figure 2, part B, below. When the valve is 
open, a portion of the mixture flows through exit 210 
and channels 205 and 220 to a second flow directing 
chamber 230, referred to herein as the mixture flow 
directing chamber. The floor of chamber 230 slopes 
downward from the left side of the chamber and from 
the back of the chamber to a small area at the right 
front corner of the floor of the chamber. At this point 
mixture measuring chamber 240 is connected to mix- 
ture flow directing chamber 230 at junction 232. Mix- 
ture measuring chamber 240 terminates at stop flow 
junction 245 where chamber 240 intersects with mix- 
ture receiving chamber 250. 

Since the mixture in receiving chamber 1 50 is un- 
der hydrostatic pressure from diluent located in the 
various pathways leading to chamber 150, mixture 
and eventually unmixed diluent can continue to flow 
into mixture flow directing chamber 230 until the hy- 
drostatic pressure is equalized. A mixture waste 
chamber and mixture waste pathway exiting chamber 
230 could be provided in a manner similar to waste 
chamber 190 and passage way 160 in the first dilution 
pathway. However, in the embodiment shown in Fig- 
ure 1 , an alternative method is provided for controlling 
flow. Since the purpose of the apparatus is to mix 
small samples with diluents that can contain reac- 
tants and measure the resulting reaction in the receiv- 
ing chambers, the apparatus shown in Figure 1 will 
normally be inserted into an apparatus in which such 
measurements can made. Optical measurements are 
common and are the preferred type of measurement 
for an apparatus shown in Figure 1 . A light source and 
a detector are located in the monitor so that the light 
impinges on the desired location in the receiving 
chamber, passes through the receiving chamber and 
the material enclosed therein, and impinges on the 
detector located at the other side of the cartridge. This 
is accomplished by inserting the cartridge into a 
chamber on the surface of the monitor so that all of 
the parts are placed into proper registration with each 
other. The present invention requires nothing new in 
the way of light sources, detectors, and registration 



means, since all spectrophotometers that engage 
cuvettes and carry out light measurements there 
through provide the necessary detection and regis- 
tration systems. 

5 However, the monitor can be easily modified by 

providing additional light sources and detectors to de- 
tect the presence of the fluid at various points in the 
fluid pathways throughout the cartridge, as was dis- 
cussed above. In this specification such components 

10 are called system control components since they rep- 
resent a means by which the monitor can verify 
whether sample, the diluted mixture, or the like have 
reached the proper points in the fluid pathway in the 
proper sequence and at the proper time. For example, 

15 light sources and detectors can be placed at opposite 
sides of the cartridge so that the detector measures 
light passing through the mixture measuring chamber 
240 near stop flow junction 245. As shown in Figure 
1 , this portion of the measuring chamber can be made 

20 small relative to other portions of the measuring 
chamber in order to minimize error. When the detector 
Indicates that liquid has reached the end of measuring 
chamber 240 adjacent stop flow junction 245, the 
valve that allows mixture to enter through access port 

25 210 can be dosed. Row through the mixture meas- 
uring chamber will then stop when the meniscus of 
the mixture reaches stop flow junction 245. Excess 
mixture remaining in mixture flow directing chamber 
230 can then be drained off into mixture waste exit 

30 260, which as shown in Figure 1 is a capillary chan- 
nel. 

Providing system controls to close the valve lo- 
cated in passageway 205 and providing a capillary 
waste channel 260 obviates the need to have a large, 

35 gravity-fed waste chamber located below the level of 
mixture flow directing chamber. This is desirable in 
the device shown in Figure 1 since a preferred tech- 
nique of mixing using a magnetically driven mixing 
member in the two receiving chambers. Eliminating a 

40 relatively large waste container at the bottom of the 
cartridge allows the receiving chambers to be located 
closer to the bottom of the cartridge, thereby reducing 
the distance between the mixing member and the re- 
ceiving chambers and the driving magnets. Capillary 

45 waste chamber 260 will draw off excess mixture until 
all excess mixture has been removed from mixture 
flow directing chamber 230. 

At this time, a second diluent In rupturable dilu- 
ent container 275 contained in diluent chamber 270 is 

so broken in the same manner as diluent container 175. 
Diluent therefore becomes available at diluent appli- 
cation site 270, flows through channels 280, 281 , and 
282, and enters mixture flow directing chamber 230 
at entrance 238. As with the first dilution, the hydro- 

55 static pressure provided by the diluent as It fills cham- 
ber 230, waste channel 260, and vent 239, over- 
comes the back pressure at stop flow junction 245. 
Diluent is then expelled from mixing measuring 
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chamber 240 into mixture receiving chamber 250. 
Diluent also flows through mixture measuring cham- 
ber 240 into mixture receiver chamber 250, expelling 
trapped air through vent 259. Since vent 259 would 
normally vent to the external atmosphere at the top 
of housing 100, a stop fiow junction is provided in 
chamber 255 to minimize the amount of mixture 
and/or second diluent entering vent 259. Mixing takes 
place in receiving chamber 250 in the same manner 
as In receiving chamber 150. 

Figure 2 shows a series of cross-sectional views 
at different locations shown in Figure 1. The cross- 
sectional view shown in part A of Figure 2 intersects 
a number of channels, chambers, and vents associ- 
ated with the first dilution. As mentioned previously, 
the apparatus is assembled by attaching cover plates 
1 04 and 1 06 to centra) body member 1 02 in which the 
various chambers and passage ways are formed. In 
all parts of Figure 2, the left sides of the figure repre- 
sents the front face of the embodiment shown in Fig- 
ure 1 and the right side represents the back face. 

Starting at the top of part A of Figure 2 and moving 
down, one sees passageway 173 leading from the 
front face to the back face of body member 102. Be- 
cause the various fluid and venting passageways 
shown in Figure 1 must cross over each without inter- 
secting, through passages such as 173 allow fluid 
pathways to be switched from one side of the other 
to avoid interference. An example of this can be seen 
in Figure 1 in the fluid pathway which delivers the sec- 
ond diluent from diluent receiving site 270 to mixture 
flow directing chamber 230. This flow pathway must 
cross over both waste chamber 190, which occupies 
the front face of the apparatus, and vent 103, which 
occupies the back face. This is accomplished by pro- 
viding an initial channel 280 along the front face of 
body member 102 until the passageway crosses over 
vent 103. At this point through passageway 281 
switches the fluid pathway to the back face of body 
member 102. There channel 282 passes behind 
waste chamber 190 until it reaches an appropriate lo- 
cation behind mixture flow directing chamber 230. 
Passageway 238 then leads to the flow directing 
chamber which is located on the front face of the ap- 
paratus. The manner that this is accomplished is seen 
near the top of part Aof Figure 2 where vent 172 con- 
nects chamber 170 to cross vent passage way 173. 
which transfers the vent path to the back face of the 
apparatus. At this point a connection is made to com- 
mon vent passageway 101, which is visible in Figure 
1 but not in part Aof Figure 2. 

Also visible in part A is passageway 138, which 
provides access for first diluent to mixing chamber 
1 30 and enters chamber 1 30 from the back face of the 
device. Exit 134, by which excess sample enters 
waste channel 160, can be seen at the bottom comer 
of chamber 130. 

The high location of vent 159 at an upper corner 



of mixing chamber 1 50 is evident near the bottom of 
part A of Figure 2. Access port 210 leading into chan- 
nel 201 that forms the first portion of the channel by 
which mixture is transported to the second dilution 
5 system can also be seen in chamber 150. 

Part B of Figure 2 shows a number of minor fea- 
tures in the upper portion of the Figure, such as com- 
mon vent 101 , container 175 located in chamber 170, 
through passageway 181, and waste channel 160. 
w A particular valve embodiment Is seen In the low- 
er right hand portion of this Figure. Channel 205 is a 
mixture flow channel that connects mixing chamber 
1 50 to mixture flow directing chamber 230. A thin flex- 
ible membrane 206 is held in place by back plate 106 
1 5 at aperture 208 located directly behind channel 205. 
A plunger 301 located in the monitoring device into 
which the cartridge is inserted is adjacent aperture 
208 when the cartridge is registered in the monitor. 
This plunger is under the control of various sensors 
20 in the monitor and is moved to the left in the direction 
of the arrow when the monitor receives the signal 
from the monitor. Such a signal might be given, for ex- 
ample, by insertion of the cartridge into the monitor. 
The end of plunger 301 is shaped to fit channel 205 
25 so that when plunger 301 is urged to the left, flexible 
membrane 206 is forced to f it tightly into channel 205, 
thereby blocking the channel. Release of the left- 
ward-acting force on plunger 301 after mixing has 
been accomplished in receiving chamber 150 then al- 
so lows mixture to flow through channel 205 into the re- 
mainder of the apparatus. 

Part C of Figure 2 shows a vertical cross section 
through the embodiment of Figure 1 at line C-C. Sec- 
ond diluent container 275 can be seen located in dilu- 
35 ent chamber 270. This view intersects chamber 170 
at the location of aperture 177. This aperture, which 
leads to the back face of the cartridge, is covered by 
flexible seal 178. Plunger 302, located in the monitor, 
can be urged leftward in the direction of the arrow at 
40 an appropriate time under control of the monitor. 
Sealing member 178 is sufficiently flexible to allow 
force to be applied by plunger 302 on container 175, 
thereby rupturing container 1 75 and releasing diluent 
into diluent chamber 170. Release of the biasing force 
4$ on plunger 302 moves plunger 302 back to its original 
position (as shown) without rupturing seal 178. 

In the lower portion of part C of Figure 2 can be 
seen waste chamber 190 and a number of chambers 
and passages associated with the second dilution, 
so Through channel 281 and channel 282 along the back 
face of body member 1 02 provide access for the sec- 
ond diluent to mixture flow directing chamber 230, 
through which diluent enters at passage way 238. 
Through passageway 234 leading to capillary waste 
sb channel 260 is also visible. 

Part D of Figure 2 shows a vertical cross section 
taken at line D-D of Figure 1 . Second diluent contain- 
er 275 and diluent chamber 270 are again visible as 
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is waste chamber 190. Channel 280, which is part of 
the pathway leading from the second di luent chamber 
to mixture flow directing chamber, is also visible, as 
are sections of capillary waste chamber 260 and mix- 
ture measuring chamber 240. 

Figure 3 is a schematic diagram showing re- 
agents that would be used with a cartridge of the type 
as shown in Figures 1 and 2 to carry out a specific di- 
agnosis. Haemoglobin Ale, a minor hemoglobin com- 
ponent, Is present In normal persons but Increases In 
the presence of hypoglycemia. Haemoglobin Ale 
measurement therefore provides an assessment of 
long-term insulin control in diabetics. An analysts re- 
quires an initial mixing of whole blood with a first set 
of reagents to determine total haemoglobin content 
followed by determination of haemoglobin Ale content 
on an aliquot of the first mixture. The process steps 
are shown schematically in Figure 3 and are descri- 
bed below as they would occur in the apparatus of 
Figure 1. 

A sample from an unmeasured blood drop will be 
applied to sample application site 110. Sample will 
flow into measuring chamber 140 through sample 
flow directing chamber 1 30. Row of blood stops at the 
junction chamber 140 mixing/reading chamber 150. 
When container 175 is broken, thiocyanate solution 
will flow through measuring chamber 140 into mixing 
chamber 150, pushing the blood sample ahead of it- 
self. The mixture of blood and thiocyanate solution 
will fill mixing chamber 150. Homogeneous mixing of 
blood and thiocyanate will now occur, driven by a re- 
ciprocating mixing plate, and the ferricyanide and ag- 
glutinator reagents coated on the walls of mixing 
chamber 150 (at different locations) will dissolve. Af- 
ter about 1 minute, the blood will be lysed and the he- 
moglobin denatured. At this time, the total hemoglo- 
bin will be measured by reading absorbance at 540 
nm and 800 nm using a light source and detector that 
are present in the monitor into which the cartridge has 
been inserted. 

The valve in channel 205 will then be opened to 
aKow a portion of the mixture to flow into the meas- 
urement (mixture isolation) chamber system. When 
mixture reaches the end of mixture measuring charrv 
bar 240, the vent is closed to prevent excess mixture 
from filling flow directing chamber 230 and expelling 
mixture from the mixing chamber by hydrostatic pres- 
sure. Once the mixture flow control 230 chamber has 
been drained by capillary drain 260, diluent container 
275 is broken, allowing Ale diluent to flow into the dry 
antibody-latex reagent chamber 250, resuspending 
the reagent (which is coated on the chamber walls of 
chamber 250), after displacing the sample of dena- 
tured blood (i.e., the isolated mixture) from mixture 
measurement chamber 240 Into the mixing/reaction 
chamber 250. The denatured Mood/reagent mixture 
will then be mixed and assayed for hemoglobin Ale by 
measurement of the change in turbidity overabout 30 



seconds. Turbidity increases as a result of agglutina- 
tion of antibody-coated latex particles, the antibody 
being specific for hemoglobin Ale. 

The entire apparatus shown in Figures 1 and 2 
5 would be approximately 10 cm high and less than 15 
cm wide with body member 102 being about 1 cm in 
thickness. The cartridge can readily be prepared in 
other sizes to carry out other analytical measure- 
ments. 

w Expanded perspective views of two flow directing 
chambers are shown in Figures 4 and 5. in which 
edges that would be visible from the point of view 
shown are indicated by solid lines and edges that are 
seen through the chamber are indicated by dotted 
15 lines. Figure 4 resembles chamber 130 of Figure 1 
and is numbered accordingly. Chamber 130 is essen- 
tially a truncated cube or wedge with all opposed 
faces parallel except the top and bottom faces. Height 
X of the back is smaller than height Y of the front face. 
20 In the bottom front corners of chamber 130 can be 
seen exits 1 32 leading to the measuring chamber and 
134 leading to the waste chamber. In the corner di- 
rectly above exit 1 32 (the sample measuring chamber 
entrance) is entrance 136 for sample, a passageway 
25 leading from the sample application sfte. Vent 139 
and diluent entry 138 are visible in the upper back 
corners of the chamber. Passage of fluids through the 
chamber is indicated by arrows and Roman numerals. 
Arrow I shows initial flow of sample after arriving in 
30 chamber 1 30 through entrance 1 36 and flowing down 
the left front corner of the chamber to sample meas- 
uring chamber entrance 132 under the influence of 
gravity. When the sample measuring chamber is fil- 
led, flow continues across the bottom front face of 
35 chamber 1 30 to waste exit 1 34 as shown by arrow II. 
Since exit 1 34 is at a gravftattonally low point of cham- 
ber 1 30, excess sample will continue to be drawn out 
of chamber 130 until all sample exits the chamber, ex- 
cept for any small amount retained by surface tension 
40 resulting from contact with the sample in the measur- 
ing chamber at measuring chamber entrance 132. 
However, any such amount will be small and relatively 
reproducible, since the apparatus of the invention is 
designed for use with samples of a particular type that 
46 will have relatively similar if not identical surface ten- 
sion characteristics. 

Location A shown atthe front lower face of cham- 
ber 130 between exits 132 and 134 is a preferred lo- 
cation for measuring transit of sample, as previously 
so indicated. If a detector is located in the monitor so that 
light passing through the back face A' of chamber 130 
is detected as it passes through region Aon the front 
face, sample passing along path II will be detected. 
Thus, initial appearance of sample at location Awill in- 
55 dicate that sample has filled the measuring chamber 
and has started flowing across path II. When sample 
disappears from location A, the dilution process can 
be initiated. In the rare case where a slightly large 
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sample is used, so that the sample fills the sample 
measuring chamber and overflows exit 132 slightly 
into chamber 130 but not sufficiently so that sample 
reaches exit 134, the detector at location A wilt pre- 
vent automatic dilution of this incorrect sample size. 
When the correct signal is received to indicate proper 
measurement of sample, diluent enters through en- 
trance 138 and flows along the path shown by arrow 
III, thereby completing the dilution process as previ- 
ously described. 

As is apparent from the operation as described 
for Figure 4, it is desirable that waste exit 134 be of 
capillary dimensions at least in the initial section of 
the passageway to aid in wicking sample from the 
chamber as soon as sample reaches exit 134. 

it can be seen from Figure 4 that location A inter- 
sects the bottom edge of the chamber. Such a loca- 
tion is desirable because slight differences in regis- 
tration may occur when the cartridge containing the 
chamber is inserted into a monitor, due to the very 
small sizes of chambers, as previously described. If 
the location is selected so as to intersect the bottom 
edge of the chamber, cartridges that fit slightly higher 
or slightly lower in the registration means of the mon- 
itor will still have the light path intersect the bottom 
edge, thereby insuring that sample will intersect the 
light path as sample travels along the bottom edge of 
the chamber. If desired, back face A of the chamber 
can be molded during the chamber-forming process 
so as to form a lens that aids in directing light to the 
correct location. 

Figure 5 shows a second embodiment of a control 
flow chamber similar to the second flow directing 
chamber shown in Figure 1. The chamber again re- 
sembles a truncated cube, but the bottom face slopes 
toward one corner with three equal corner heights in- 
dicated by X and one longer corner indicated by Y. 
The top face is horizontal and the bottom face of the 
chamber slopes downward to the Y corner. The vari- 
ous entrances and exits from the chamber are num- 
bered in accordance with the designation set forth in 
Figure 1 for chamber 230. Accordingly, sample enters 
through entrance 236 and flows along path I to the 
lower right corner of chamber 230. In contrast to the 
embodiment shown in Figure 4, path I encounters 
waste exit 234 before encountering exit 232 leading 
to the measuring chamber. However, exit 234 is sized 
in comparison to entrance 236 and exit 232 so as not 
to be able to pull all of the sample (here normally the 
mixture) along path Ha to the waste chamber. Suffi- 
cient sample is therefore available to enter the meas- 
uring chamber through port 232 along path lib. When 
the measuring chamber is filled, excess sample con- 
tinues along path Ha until the chamber is emptied. 
Diluent then enters through entrance 238 and flows 
along path III to complete the dilution process as pre- 
viously described. 

Alight source and detector can be provided in the 



monitor so that the light path passes through location 
A in a manner similar to that described above for Fig- 
ure 4. However, in Figure 5 location A is between the 
sample entrance and the two exit ports in comparison 

s to Figure 4, where it was located between the two exit 
ports. However, this location can still be used to de- 
tect entry of sample into the chamber and, when com- 
bined with a timing circuit can be used to determine 
whether sample has filled the sample measuring 

10 chamber, since the apparatus is designed for use with 
a particular type of sample (E.G., whole blood), and 
the time required to fill the measuring chamber will 
therefore be relatively constant Depletion of sample 
from the chamber can also be detected, as previously 

is described. 

The cartridges of the invention are typically pre- 
pared from molded plastic as described in U.S. US- 
A-4,756,844, the only principal differences between 
the production methods described in the patent and 

20 the production required for the present apparatus be- 
ing in the mold used to form the various chambers. As 
indicated In the patent, plasma etching can be used 
to improve flow characteristics through the various 
capillary pathways, since most molding plastics are 

25 hydrophobic and need to be rendered hydrophilic for 
reproducible capillary flow to occur. 

It is now been d iscovered that superior results are 
obtained by masking part of the capillary tracks and 
chambers so that not all of the interior surfaces are 

30 etched. For example, the first stop flow junction 136 
of the embodiment shown in Figure 1 and Figure 2 oc- 
curs at a corner of chamber 130 formed by face plate 
104 and body member 102 (also see Figure 4). The 
sudden widening of the fluid passageway as it enters 

35 chamber 1 30 acts to create a stop flow Junction. How- 
ever, a continuous face and therefore continuous flow 
path is present along face plate 104 as passageway 
1 20 enters chamber 1 30. Plasma etching of pathway 
1 20 is important to maintain capillary flow through the 

40 pathway. However, if the intersection of pathway 120 
and chamber 130 is masked during the etching proc- 
ess, the region of face plate 1 04 at the stop flow junc- 
tion will be hydrophobic thereby improving the oper- 
ating characteristics of the stop flow junction. Similar 

46 masking of surfaces in other locations where capi Ha- 
ry flow or entrapment Is not desirable, such as other 
stop flow junction or corners and edges of chambers 
that tend to retain liquids in undesired locations, also 
can be used to provide improved operating character- 
so istics. 

In a similar manner, selective plasma etching of 
chambers can be used to prevent reagent spread dur- 
ing application of reagents to surfaces in the cham- 
bers. Reagents are typically added to a cartridge of 
55 the invention In the form of a solution which is then 
dried to provide a stable reagent composition. When 
liquids are added to etched surfaces, they tend to 
spread out in thin films and occupy a relatively large 
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area of the surface. This can lead to intermingling and 
premature reaction of reagents if two reagents need 
to be applied in a small area, such as a mixing cham- 
ber. If a section of a surface is not plasma etched, 
however, reagent applied in liquid form will tend to re- 
main in droplets in the applied location rather than 
spreading out Smaller chambers can used because 
of less spreading of reagents by selectively masking 
the surfaces to which reagents will be applied before 
plasma etching. 

All publications and patent applications men- 
tioned in this specification are herein incorporated by 
reference to the same extent as if each individual pub- 
lication or patent application was specifically and in- 
dividually indicated to be incorporated by reference. 

The invention now being fully described, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto. 



Claims 

1. A dilution and mixing cartridge for automatically 
diluting a liquid sample with a liquid diluent com- 
prising, in a housing (100), a sample receiving 
site (110), a diluent receiving site (170), a sample 
measuring chamber (140), means (120,180) for 
delivering sample and diluent to said sample 
measuring chamber (140) from said sample re- 
ceiving site (110) and said diluent receiving site 
(170), respectively, a stop flow junction (145) ter- 
minating said sample measuring chamber and 
adapted to the surface tension characteristics of 
the sample so as to provide sufficient back pres- 
sure resulting from contact between said sample 
and wall means of said housing at said stop flow 
junction to prevent sample from flowing through 
said stop flow junction in absence of diluent but 
allowing flow through said stop flow junction 
when said diluent receiving means receives dilu- 
ent, a receiving chamber (150) for receiving a 
mixture of sample and diluent from said measur- 
ing chamber (140), and means for delivering sam- 
ple and diluent from said sample measuring 
chamber to said receiving chamber, 
characterized by having 

a flow directing chamber (130), compris- 
ing an internal chamber in said housing, wherein 
said means (120) for delivering sample to said 
sample measuring chamber and said means 
(180) for delivering diluent to said sample meas- 
uring chamber both enter said flow directing 
chamber (130) and an exit (132) in said flow di- 
recting chamber leads to said sample measuring 
chamber (140); and 

waste means (160) for emptying said flow 
directing dumber after sample has entered said 
flow directing chamber and said sample has filled 



said measuring chamber (140), said waste 
means communicating with said flow directing 
chamber (130) and operating by capillary and 
gravitational forces. 

5 

2. A cartridge according to claim 1 wherein the dilu- 
ent receiving site (170) is located at a level grav- 
itationalty below that of said sample receiving site 
(110) and provides means for preventing hydro- 

10 static pressure from developing between said 
sample receiving means and said stop flow junc- 
tion (145) in the absence of diluent 

3. A cartridge according to daim 2, wherein said 
15 means for preventing hydrostatic pressure is a 

vented non-capillary chamber located between 
said sample receiving means and said flow di- 
recting chamber (130). 

20 4. A cartridge according to claim 1 , wherein 

(1) an exit (132) for said measuring chamber 
and an exit (134) for said waste means (160) 
at gravitationafly tow points in said flow direct- 
ing chamber (130), and 

25 (2) entrances (136,138) for said sample and 

diluent flow means gravitationaily above said 
exits. 

5. A cartridge according to claim 4, wherein said en- 
30 trance (1 36) for said sample flow means is locat- 
ed above said exit (1 32) for said measuring cham- 
ber and positioned so that flow of sample into 
said flow directing chamber reaches said meas- 
uring chamber exit (132) before reaching said 

35 waste means exit (1 34). 

6. The cartridge according to claim 1 f claim 4 or 
claim 5, wherein the housing further comprises a 
mixture receiving chamber (250) hydrostaticaiiy 

40 connected to the receiving chamber (150), 
whereby a representative sample of a mixture of 
sample and diluent in the receiving chamber can 
be further diluted in the cartridge. 

45 7. The cartridge according to claim 6, wherein said 
further dilution means comprises: 

a valve (206.301) controlling exit of said 
mixture from said receiving chamber, 

a mixture flow directing chamber (230), 
so comprising an internal chamber in said housing 
(100), 

mixture flow means (205,220) for deliver- 
ing mixture from said valve (206,301) to said mix- 
ture flow directing chamber, 
55 second diluent receiving means (270) for 

receiving a second diluent, 

second diluent flow means (280) for deliv- 
ering said second diluent from said second dilu- 
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ent receiving means to said mixture flow directing 
chamber (230), 

a mixture receiving chamber (250), com* 
prising a vented internal chamber in said housing, 

a mixture measuring chamber (240), com- 5 
prising an internal chamber in said housing, 
wherein said mixture measuring chamber (240) 
connects said mixture flow directing chamber 
(230) to said mixture receiving chamber (250) 
and said mixture measuring chamber (240) is ca- 10 
pable of delivering mixture and second diluent 
from said mixture flow directing chamber (230) to 
said mixture receiving chamber (250) solely by 
capillary and gravitational forces, 

a second stop flow junction (245) located 15 
at the intersection of said mixture measuring 
chamber (240) and said mixture receiving cham- 
ber (250), wherein said second stop flow junction 
is adapted to the surface tension characteristics 
of said mixture so as to provide sufficient back 20 
pressure resulting from contact between said 
mixture and wall means of said housing (100) at 
said second stop flow junction to prevent mixture 
from flowing through said second stop flow junc- 
tion in absence of second diluent but allowing 25 
flow through said stop flow junction when said 
second diluent receiving means receives second 
diluent and second diluent enters said mixture 
flow directing chamber (230), and 

mixture waste means (260) for emptying 30 
said second flow directing chamber (230) after 
mixture has entered said mixture flow directing 
chamber and said mixture has filled said mixture 
measuring chamber (240), wherein said waste 
means operates by capillary and gravitational 35 
forces, 

whereby second diluent from said second 
diluent receiving means (270) after mixture has 
filled said mixture measuring chamber (240) 
flows through said mixture flow directing cham- 40 
ber (230) and expels mixture from said mixture 
measuring chamber into said mixture receiving 
chamber (250), thereby causing a fixed ratio of 
mixture to second diluent to be delivered to said 
mixture receiving chamber (250). 46 

8. A method for diluting a liquid sample with a liquid 
diluent using a cartridge according to any one of 
the preceding claims, which method includes, 

sequentially supplying an unmeasured 50 
volume of said sample and a measured or un- 
measured volume of said diluent to the liquid flow 
directing chamber (130), wherein (1) a first por- 
tion of said sample entering said flow directing 
chamber is diverted to the measuring chamber 55 
(140) having a first volume, flow of sample 
through said measuring chamber terminating 
when said sample reaches the stop flow junction 



(145), the remainder of said sample being divert- 
ed by said flow directing chamber (130) to the 
waste means (160), and (2) a first portion of said 
diluent entering said flow directing chamber 
(130) is diverted to said measuring chamber 
(140), wherein hydrostatic pressure from said 
diluent expels said sample in said measuring 
chamber (140) into the receiving chamber (150) 
along with said first portion of said di luent, where- 
by a fixed ratio of sample to diluent is delivered 
to said receiving chamber. 

9. The method according to claim 8, further com- 
prising the step of opening first valve means 
(206,301) selectively controlling passage of said 
mixture from said receiving chamber (150) to a 
hydrostaticafly connected second flow directing 
chamber (230), wherein a hydrostatically deter- 
mined portion of said farst mixture enters said 
second flow directing chamber (230). 

10. The method according to daim 8 or claim 9, 
wherein said device further comprises a second 
receiving chamber (250) in fluid receiving rela- 
tionship to said second flow directing chamber 
(230) and a second diluent is added to said de- 
vice, wherein the second diluent expels a portion 
of the mixture in the second flow direction cham- 
ber (230) into the second receiving chamber 
(250) along with a portion of the diluent, whereby 
a fixed ratio of said mixture and the second dilu- 
ent are delivered by capillary and gravitational 
forces to the second receiving chamber (250). 

11. A sample dilution and mixing system, comprising: 

the cartridge of any one of claims 1 to 7, 
and a monitor comprising: 

means for detecting a reaction in the re- 
ceiving chamber of the cartridge, and 

registration means for holding said car- 
tridge in registration with the detecting means. 

12. The system according to claim 11, wherein the 
detecting means comprises a light source and a 
light detector arranged to detect light passing 
through said receiving chamber. 

13. The system according to claim 11 or claim 12, 
wherein said monitor further comprises system 
control means adjacent said flow directing cham- 
ber when the cartridge is present in the registra- 
tion means to verify presence of liquid in the flow 
directing chamber (130). 

14. The system according to any one of claims 11 to 
1 3, wherein the system control means comprises 
a light source and a detector located on opposite 
sides of the cartridge when the cartridge is pres- 
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ent in said registration means, wherein light emit- 
ted by said light source passes through the flow 
directing chamber at a tight path location and is 
detected by said detector. 

15. The system according to any one of claims 11 to 

14, wherein the monitor comprises system con- 
trol means adjacent said mixture measuring 
chamber when the cartridge is present in the reg- 
istration means for verifying presence of liquid In 
the mixture measuring chamber. 

16. The system according to any one of claims 11 to 

15, wherein the monitor selects a program by 
which to operate the valve means by detecting a 
signal from the cartridge when said cartridge is 
inserted Into the monitor. 

17. The system according to any one of daims 11 to 

16, wherein the diluent receiving site in the car- 
tridge comprises a diluent chamber (170) con- 
taining the diluent enclosed in a rupturable con- 
tainer (175) and the diluent chamber comprises 
an access port (177) sealed with a flexible seal- 
ing member. 



PatentansprQche 

1. Verdfinnungs- und Mischpatrone zum automati- 
schen Verdttnnen einer flussigen Probe mit et- 
nem flussigen Verdunnungsmittel, umfassend 

in einem Gehftuse (100) eine Probenauf- 
nahmestetle (110); eine VerdGnnungsmtttelauf- 
nahmestelle (170); eine Probe nmefikammer 
(140), Einrichtungen (120,180) zur Abgabe von 
Probe und Verdunnungsmittel von der Proben- 
aufhahmestelle (110) bzw. der Verdunnungsmrt- 
teiaufnahmestelle (170) an die Probenme&kanv 
mer (140); eine Stop-Ru&Aferbindung (145), die 
die Probenme&kammer abscMie&t und an die 
OberflSchenspannungscharakteristik der Probe 
so angepa&t ist, da& sie ausreichenden Gegen- 
druck erzeugt, der dutch den Kontakt zwischen 
dieser Probe und den Geh&isew&nden an dleser 
Stop-RuB-Verbfndung entsteht, urn In Abwesen- 
heit von Verdunnungsmittel ProbenfluR durch die 
Stop-RuO-Verbindung zu ver hfndern, jedoch den 
Ru& durch die Stop~Ru&»Verbindung zu gestat- 
ten, wenn die VerdGnnungsmittelaufhahmeein- 
richtung Verdflnnungsmittel aufnimmt; eine Auf- 
nahmekammer (150) zum Aufnehmen eines Ge- 
mtsches von Probe und Verdunnungsmittel aus 
der Me&kammer (140); und Einrichtungen zur 
Abgabe von Probe und Verdflnnungsmittel aus 
der ProbenmeBkammer an die Aufhahmekam- 
mer, dadurch gekennzeichnet, dad sie aufweist 
eine Ru&leitkammer (130), umfassend ei- 



ne innere Kammer in diesem Gehause, worin die 
Einrichtung (120) zur Abgabe der Probe an die 
Probenme&kammer und die Einrichtung (180) 
zur Abgabe von Verdunnungsmittel an die Pro- 
5 benme&kammer jewells in die Ru&leitkammer 
(130) munden, und worin ein Auslaft (132) der 
Ru&leitkammer zur Probenmefikammer (140) 
f uhrt; und 

eine AWaufeinrichtung (160) zur Entlee- 
w rung der Ru&lettkammer, nachdem die Probe In 
die Ru&leitkammer eingetreten ist und die Probe 
die Meftkammer (140) gefullt hat, wobei die Ab- 
laufsinrichtung mit der Rufilett kammer (130) in 
kommunizierender Verbindung steht und mit Ka- 
15 pillarwirkung und Schwerkraft arbeitet 

2. Patrone nach Anspruch 1, worin die VerdOn- 
nungsmlttefaufhahmestelle (170) gegenQber der 
Probenaufnahmesteiie (110) schwerkraftm&&ig 

20 auf einem roedrigeren Niveau liegt und eine Einrich- 
tung zum Verhindern der Ausbildung von hydrasta- 
Uschem Druck zwischen der Probenaufnahmeein- 
richtung und der Stop-Rua- Verbindung (145) in 
Abwesenheit von Verdunnungsmittel vorsieht 

25 

3. Patrone nach Anspruch 2, worin die Einrichtung 
zum Verhindern von hydrostattschem Druck eine 
belOftete Nk^-KapiBarkammer zwischen der Pro- 
benaufhahmeetnrichtung und der Ru&leitkammer 

30 (130) ist 

4. Patrone nach Anspruch 1 mit 

(1) einem Ausla& (132) fur diese Me&kammer 
und einem Auslafi (134) fur diese Abtaufein* 

35 richtung (160) an schwerkraftma&ig niedri- 

gen Punkten in der RuRleit kammer (130), und 

(2) EinlSssen (1 36, 1 38) fur diese Probe n- und 
Verdunnungsmittdflu&einrichtungen schwer- 
kraftmfi&ig oberhalb der genannten Auslfis- 

40 se. 

5. Patrone nach Anspruch 4 f worin der Elngang 
(136) fur die Probenflu&einrichtung sich ober- 
halb des Auslasses (1 32) fur die MeOkammer be- 

46 f indet, und so positioniert ist daft der Probenf lu& 
in die Ru&leitkammer den Me&kammerausiaG, 
(132) vor dem Ablaufeinrichtungsausla& (1 34) er- 
reicht 

50 6. Patrone nach Anspruch 1, 4 oder 5, worin das Ge- 
hfluse weiters eine hydrostatisch mit der Aufnah- 
mekammer (150) verbundene Gemischaufnah- 
mekammer (250) umfafit, wodurch eine repre- 
sentative Probe eines Gemisches von Probe und 

55 Verdunnungsmittel in der Aufhahmekammer in 
der Patrone weiter verdfinnt werden kann. 

7. Patrone nach Anspruch 6, worin diese weltere 

18 
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Verdunnungseinrichtung umfa&t 

ein Ventit (206,301), das den Austritt des 
Gemisches aus der Aufnahmekammer steuert, 

eine Gemischf iuftleftkammer (230), die ef- 
ne innere Kammer im genannten Gehduse (100) s 
umfa&t, 

Qemischfluaeinrichtungen (205,220) zur 
Abgabe des Gemisches aus dem Ventil 
(206,301) an die Gemischf luEfettkammer, 

eine zweite VerdOnnungsmittelaufnahme- 10 
einrichtung (270) zur Aufnahme eines zwerten 
VerdQnnungsmitteis, 

eine zweite VerdOnnungsmittetnuteinricn- 
tung (280) zur Abgabe des zweiten Verdun- 
nungsmittels aus der zweiten Vefdunrnjngsmittef- 15 
aufhahmeemrichtung an die Gemischf lufileitkam- 
mer (230), 

eine Gemischaufnahmekammer (250), 
umfassend eine beiuftete, innere Kammer im Ge- 
hduse, 20 

eine Gemtschme&karnmer (240), umfas- 
send eine innere Kammer im Gehiuse, worin die 
Gemischme&kammer (240) die GemlschfluSleit- 
kammer (230) mlt der Gemischaufhahmekammer 
(250) verbindet, und worin die Gemischmefckanv 25 
mer (240) ausschlie&lich durch Kapiilarwirkung 
und Schwerkraf t ffihig zur Abgabe von Gemisch 
und zweitem Verdunnungsmittel aus der 
Gemischf lufileitkammer (230) an die Gemisch- 
aufhahmekammer (250) ist, 30 

eine zweite Stop-FluB-Verbindung (245), 
die sich an derVerschnekJung der Gemischme&- 
kammer(240) mit der Gemischaufhahmekammer 
(250) befrndet wobei diese zweite Stop-FluH- 
Verbindung an die Oberfldchenspannungscha- 35 
rakteristik der genannten Mischung so angepa&t 
ist dad sie ausreichenden Gegendruck ergibt, 
der durch den Kontakt zwischen diesem Gemisch 
und den Winden des Gehfiuses (100) an der 
zwerten Stop-FfuO-Verbindung entsteht, um in 40 
Abwesenheit von zweitem Verdunnungsmittel 
den Gemischf luft durch diese zweite Stop-Flufc- 
Verbindung zu verhindern, jedoch den Flu& 
durch die zweite Stop-Ru^-Verbindung zu ge- 
stagen, wenn die zweite VerdGnnungsmittelauf- 46 
nahmeeinrichtung zweites VerdGnnungsmittel 
aufhimmt und das zweite VerdOnnungsmittel in 
die GemischfluOleitkammer (230) eintritt, und 

eine Gemischabiauf einrichtung (260) zur 
Entteerung der zwerten FluBleit kammer (230), so 
nachdem das Gemisch in die GemischfluBleit- 
kammer etngetreten ist und das Gemisch die Ge- 
mischmefikammer (240) gef Of It hat, wobei die Ab- 
laufeinrlchtung mit Kapiilarwirkung und Schwer- 
kraf t arbeitet, 55 

wodurch das zweite Verdunnungsmittel, 
nachdem das Gemisch die Gemischme&kammer 
(240) gef Gift hat, aus der zweiten Verdunnungs- 



mittelaufnahmekammer (270) durch die 
Gemischf lu&leitkammer (230) flieRt und das Ge- 
misch aus der Gemischme&kammer in die Ge- 
mischaufnahmekammer (250) verdnlngt, da- 
durch Gemisch und zweites VerdOnnungsmittel 
in einem festgelegten VerhSitnis an die Gemisch- 
aufnahmekammer (250) abgegeben werden. 

8. Verfahren zum Verdunnen einer flussigen Probe 
mit einem flQsslgen VerdOnnungsmittel unter 
Verwendung einer Patrone nach einem der vor- 
hergehenden Anspruche, umfassend: 

aufeinanderfolgendes Beschicken der 
FIQssigkeitsflufUeitkamrner (130) mit einem un- 
bestimmten Vdumen der Probe und einem be- 
stimmten oder unbestimmten Vdumen des ge- 
nannten VerdGnnungsmittels, worin 

(1) ein erster Anteil, mit einem ersten Vdu- 
men, der in die FluRlertkammer eintretenden 
Probe zur Me&kammer (140) geieitet wird, 
wobei der Probenf luG durch die Me&kammer 
endet, wenn die Probe die Stop-Flu&- 
Verbindung (145) erreicht, und der Rest die- 
ser Probe von der Flu&Ieitkammer (130) zur 
AWauf einrichtung (160) abgeieitet wird, und 

(2) ein erster Anteil des in die FluBieit kammer 
(130) eintretenden VerdGnnungsmittels zur 
Me&kammer (140) geieitet wird, worin der hy- 
dros tatische Druck des VerdGnnungsmittels 
die Probe in der Me&kammer (140) zusam- 
men mit dem ersten Anteil des VerdQnnungs- 
mitteis in die Aufnahmekammer (150) ver- 
dringt, wodurch Probe und Verdunnungsmit- 
tel in einem festgeiegten Verh&tnis an die 
Aufnahmekammer abgegeben werden. 

9. Verfahren nach Anspruch 8, we iters umfassend 
den Schritt des dffnens der ersten Ventileinrich- 
tungen (206,301), die setektiv den Durchgang 
des Gemfsches aus der Aufnahmekammer (150) 
in eine hydrostatisch verbundene zweite 
Flu&leitkammer (230) steuern, worin ein hydro- 
statisch vorherbestimmter Anteil des ersten Ge- 
misches in die zweite Flu&leitkammer (230) ein- 
tritt. 

10. Verfahren nach Anspruch 8 oder 9, worin die Vbr- 
richtung welters eine zweite Aufnahmekammer 
(250) in f luidaufnehmender Beziehung zur zwei- 
ten FluEUeitkammer (230) umfa&t, und worin ein 
zweites Verdunnungsmittel der Vorrichtung zu- 
gefuhrt wird, wobei das zweite Verdunnungsmit- 
tel einen Anteil des Gemiaches in der zweiten 
Flu&leitkammer (230) zusammen mit einem An- 
teil des VerdQnnungsmitteis in die zweite Aufnah- 
mekammer (250) verdrdngt, wodurch dieses Ge- 
misch und zweites VerdOnnungsmittel in einem 
festgelegten Verhdltnis durch Kapiilarwirkung 
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und Schwerkraf t an diese zweite Aufnahmekanv schlossene Zugangs&ffnung (1 77) umfa&t 

mer (250) abgegeben wird. 



11. ProbenverdQnnungs- und Mischsystem, umfas- 
send: s 

eine Pat rone nach einem der Anspruche 1 
bis 7 und einen Monitor bzw. Clberwachungsge* 
rat umfassend: 

eine Einrichturtg zum Nachweisen 
elner Reaktton in der Aufnarnnekammer der Pa- w 
trone, und eine Posttioniereinrichtung, um diese 
Patrone in der richtigen Lage gegenflber der 
Nachweiseinrichtung zu haiten. 

12. System nach Anspruch 11 , worm die Nachweise- 15 
inrichtung eine Lichtquelle und einen Uchtdetek- 

tor zum Nachweis von durch die genannte Auf- 
nahmekammer stromendem Licht umfaOt. 

13. System nach Anspruch 11 oder 12, worin der Mo- 20 
nitor welters eine an die FIuBJertkarnrner angren- 
zende Systemsteuereinrichtung umfa&t, um das 
Vorhandensein von RGssigkeit in der 
Ru&leitkammer (130) zu uberprufen, wenn sich 

die Patrone in der Posttioniereinrichtung bef in- 23 
det 

14. System nach einem der Anspruche 11 bis 13, 
worin die Systemsteuereinrichtung an gegerv 
Qberliegenden Seiten der Patrone, wenn sich die 30 
Patrone in der Posrtioniereinrichtung bef indet, ei- 
ne Lichtquelle und einen Detektor umfa&t, wobei 

von dieser Lichtquelle emittiertes Licht an einer 
Lichtwegstetle durch die Ru&teitkammer stromt 
und vom genannten Detektor nachgewiesen 35 
wird. 

15. System nach einem der Anspruche 11 bis 14, 
worin der Monitor eine Systemsteuereinrichtung 
umfa&t, die an die Gemischnre&kammer an- 40 
grenzt, wenn sich die Patrone in der Posftionter- 
einrichtung bef indet, um das Vorhandensein von 
RGssigkeit in der GemischmeOkammer zu uber- 
prufen. 

46 

16L System nach einem der Anspruche 11 bis 15, 
worin der Monitor ein Programm auswdhlt durch 
welches die Ventileinrichtung durch Nachweisen 
eines Signals von der Patrone, wenn die Patrone 
in den Monitor eingesetzt 1st, betdtigt wird. 50 

17. System nach einem der AnsprQche 11 bis 16, 
worin die Verdunnungsmtttelaufhahmestelle in 
der Patrone eine VerdOnnungsmtttelkammer 
(170) umfa&t, die das VerdOnnungsmlttel in ei- 55 
nem berstfahigen Behdlter (175) enthfilt, urtd die 
VerdQnnungsmittelkammer eine mrt einem f lexib- 
len dicht abscrdfe&enden Element dicht abge- 



Revendfcatlons 

1. Cartouche de dilution et de melange pour diluer 
automatiquement un echantillon liquide avec un 
diluant liquide comprenant, dans un bortier (100), 
un emplacement de reception d'echantillon 
(110), un emplacement de reception du diluant 
(170). une chambre de mesure d'echantillon 
(140), un moyen (120, 180) pour transmettre 
I'echantillon et le diluant a ladite chambre de me- 
sure d'echantillon (140) depuis ledit emplace- 
ment de reception d'echantillon (110) et ledit em- 
placement de reception de diluant (170), res pec- 
tivement, une jonctlon d'ecoulement d'arret (145) 
terminant ladite chambre de mesure d'echantil- 
lon et adapfcee aux caracteristiques de tension 
superf ictelle de I'echantillon de fagon a realiser 
une centre- pression suffisante resultant du 
contact entre (edit echantillon et moyen forma nt 
paroi dudit bortier a ladite jonction d'ecoulement 
d'arret pour empecher que I'echantillon passe a 
t ravers ladite jonction d'ecouiemerrt d'arret en 
I'absence d'un diluant mais pour permettre le 
passage a t ravers ladite Jonction d'ecoulement 
d'arret lorsque ledit moyen de reception de di- 
luant report du diluant une chambre de reception 
(150) pour recevolr un melange d'echantillon et 
de diluant de ladite chambre de mesure (140), et 
un moyen pour transmettre I'echantillon et le di- 
luant de ladite chambre de mesure d'echantillon 
a ladite chambre de reception, caracterisee en ce 
qu'elle presente une chambre de direction 
d'ecouiemerrt (130), comprenant une chambre in- 
terne dans ledit boltier, dans lequel ledit moyen 
(120) pour transmettre I'echantillon a ladite 
chambre de mesure d'echantillon et ledit moyen 
(180) pour transmettre le diluant a ladite cham- 
bre de mesure d'echanti lion entrent tousles deux 
dans ladite chambre de direction d'ecouiemerrt 
(130), et une sortie (132) dans ladite chambre de 
direction d'ecouiemerrt mene vers ladite chambre 
de mesure d'echantillon (140) ; et 

un moyen de dechets (160) pour vfder la- 
dite chambre de direction d'ecoulement apres 
que I'echantillon sort entre dans ladite chambre 
de direction d'ecoulement et que ledit echantillon 
ait rempli ladite chambre de mesure (140), ledit 
moyen de dechets communique nt avec ladite 
chambre de direction d'ecoulement (1 30) et fonc- 
tionnant par des forces capillaires et de gravita- 
tion. 

2. Cartouche selon la revendication 1 , dans laquelle 
I'emplacement de reception du diluant (170) est 
situe a un niveau gravitationnellemerrt en des- 
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sous de celui de replacement de reception 
d'echantillon (110) et fourntt un moyen pour em- 
pecher la production d'une pression hydrostati- 
que entre led It moyen de reception d'echantillon 
et ladlte jonction d'ecoulement d'arret (145) en 5 
I'absence de diluant 

Cartouche selon la revendication 2, dans laquelle 
ledit moyen pour empdcher una pression hydros- 
tatique est une chambre non-capillate dechar- io 
gee des gaz positionnee entre ledit moyen de re- 
ception d'echantillon et ladlte chambre de direc- 
tion d'ecoulement (130). 

Cartouche selon la revendication 1 , dans laquelle 15 
sont prevues : 

(1) une sortie (132) pour ladlte chambre de 
mesure et une sortie (134) pour ledit moyen 
de dechets (160) a des points gravitationnei- 
lement bas dans ladite chambre de direction 20 
d'ecoulement (130), et 

(2) des entrees (136, 138) pour lesdits 
moyens d'ecoulement d'echantillon et de di- 
luant gravitatk>nneilement au-dessus desdi- 

tes sorties. 25 

Cartouche selon ta revendication 4, dans laquelle 
ladite entree (136) pour ledit moyen d'ecoule- 
ment d'echantillon est local isee au-dessus de la- 
dite sortie (132) pour ladite chambre de mesure 30 
et positionnee de facon que le flux d'echantillon 
dans ladite chambre de direction d'ecoulement 
atteint ladite sortie de chambre de mesure (132) 
avant d'atteindre ladite sortie de moyen de de- 
chets (134). 35 

Cartouche selon ta revendication 1 , la revendica- 
tion 4 ou la revendication 5, dans laquelle le bot- 
tler comprend en outre une chambre de reception 
de melange (250) hydrostatiquement connectee 40 
d la chambre de reception (150), par quo! un 
echantillon representatif d'un melange d'echan- 
tillon et de diluant dans la chambre de reception 
petit en outre etre dilue dans la cartouche. 

46 

Cartouche selon la revendication 6, dans laquel- 
le ledit moyen de dilution supplemental 
comprend : 

une vanne (206, 301) commandant la sor- 
tie dud it melange de Mite chambre de reception, so 

une chambre de direction de flux de me- 
lange (230) oomprenant une chambre interne 
dans ledit boftier (100), 

un moyen d'ecoulement de melange (205, 
220) pourtransmettre le melange de ladite vanne 55 
(206, 301) d ladite chambre de direction de flux 
de melange, 

un deuxieme moyen de reception du di- 



luant (270) pour recevoir un deuxieme diluant, 

un deuxieme moyen d'ecoulement du di- 
luant (280) pour transmettre (edit deuxieme di- 
luant dudit deuxieme moyen de reception de di- 
luant a. ladite chambre de direction de flux de me- 
lange (230), 

une chambre de reception de melange 
(250), comprenant une chambre interne dechar- 
gee des gaz dans ledit boftier, 

une chambre de mesure de melange 
(240), comprenant une chambre interne dans le- 
dit bottler, dans laquelle ladite chambre de mesu- 
re de melange (240) connecte ladite chambre de 
direction de flux de melange (230) & ladite cham- 
bre de reception de melange (250), et ladite 
chambre de mesure de melange (240) est apte d 
transmettre le melange et le deuxieme diluant de 
ladite chambre de direction de flux de melange 
(230) a ladite chambre de reception de melange 
(250) unfquement par des forces capi llaires et de 
gravitation, 

une deuxieme Jonction d'ecoulement 
d'arret (245) local isee & ('intersection de ladite 
chambre de mesure de melange (240) et ladite 
chambre de reception de melange (250), dans la- 
quelle ladite deuxieme jonction d'ecoulement 
d'arret est adaptee aux caracteristiques de ten- 
sion superf icielle dudit melange de facon d reaJf- 
ser une contre-presston suffisante resultant du 
contact entre I edit melange et moyen de parol du- 
dit boftier (100) & ladite deuxieme jonction 
d'ecoulement d'arret pour empecher que le me- 
lange passe a t ravers ladite deuxieme jonction 
d'ecoulement d'arret en i'absence du deuxieme 
diluant maia pour permettre le passage a. trovers 
ladite jonction d'ecoulement d'arret lorsque ledit 
deuxieme moyen de reception de diluant recoit le 
deuxieme diluant et que le deuxieme diluant en- 
tre dans ladite chambre de direction de flux de 
melange (230), et 

un moyen de dechets de melange (260) 
pour vider ladite deuxieme chambre de direction 
d'ecoulement (230) a pros que le melange soit en- 
tre dans ladite chambre de direction de flux de 
melange et que ledit melange ait rempli ladite 
chambre de mesure de melange (240), dans la- 
quelle ledit moyen de dechets fbnctionne par for- 
ce capfllaire et de gravitation, 

par quoi le deuxieme diluant dudit deuxie- 
me moyen de reception de diluant (270), apres 
que le melange ait rempli ladite chambre de me- 
sure de melange (240), s'ecoule & travers ladite 
chambre de direction de flux de melange (230) et 
expulse le melange de ladite chambre de mesure 
de melange dans ladite chambre de reception de 
melange (250) en provoquant ainsi qu'un rapport 
de melange fixe du deuxieme diluant soit trans- 
mis a ladite chambre de reception de melange 
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(250). 

8. Precede pour diluer un echantillon liquide avec 
un diluant liquide en utilisant une cartouche 

oo nf ornament k Tune des revendfcations pr6cd- 5 
dentes, ce precede comprenant I'amen6e s6- 
quentidle d'un volume non mesure dudit 6chan- 
tillon et un volume mesure ou non mesure dudit 
diluant & la chambre de direction de flux de liqui- 
de (130), dans lequel 10 

(1) une premiere portion dudit echantillon en- 
trant dans ladite chambre de direction d'ecou- 
lement est d6vi6e e la chambre de mesure 
(140) presentant un premier volume, le passa- 
ge de rechantillon a travers ladite chambre de 15 
mesure se terminant lorsque (edit echantillon 
atteint la jonction d'ecoulement d'arrgt (145), 
le restant dudit echantillon etant d6vi6 par la- 
dite chambre de direction d'ecoulement (1 30) 
vers ledit moyen de ddchets (160), et 

(2) une premiere portion dudit diluant entrant 
dans ladite chambre de direction de flux (1 30) 
est d£vtee vers ladite chambre de mesure 
(140), dans laqueile la pression hydrostatique 
dudit diluant expulse ledit echantillon dans la- 
dite chambre de mesure (140) dans la cham- 
bre de reception (1 50) conjointement avec la- 
dite premiere portion dudit diluant par quoi un 
rapport f bee d'echantillon au diluant est trans- 
mis a ladite chambre de reception. 

9. Precede seion la revendlcation 8, comprenant en 
outre I'etape consistent £ ouvrir le premier moyen 
de vanne (208, 301) commandant s&ectivement 
le passage dudit melange de ladite chambre de 
reception (150) a une deuxieme chambre de di- 
rection d'ecoulement (230) connectee hydrosta- 
tiquement, dans laqueile une portion determinee 
hydrostatiquement dudit premier melange entre 
dans ladile deuxieme chambre de direction 
d'ecoulement (230). 

1 0. Precede seion la revendlcation 8 ou la revendlca- 
tion 9, dans lequel ledit disposittf comprend en 
outre une deuxieme chambre de reception (250) 
en une relation de reception de f kitde avec ladite 
deuxieme chambre de direction d'ecoulement 
(230), et un deuxieme diluant est ajoute audit dis- 
positif, dans lequel le deuxieme diluant expulse 
une portion du melange se trouvant dans la 
deuxieme chambre de direction d'ecoulement 
(230) dans la deuxieme chambre de reception 
(250) conjointement avec une portion du diluant, 
par quo! un rapport fixe dudit melange et du 
deuxi&me diluant sont transmis par des forces 
capillaires et de gravitation a la deuxieme cham- 
bre de reception (250). 



11. Systeme de dilution et de melange d'echantillon, 
comprenant : 

la cartouche seion Tune des revendica- 
tions 1 a 7, et un moniteur comprenant : 

un moyen pour detector une reaction dans 
la chambre de reception de la cartouche, et 

un moyen d'enregistrement pour maintenir 
ladite cartouche en coincidence avec ledit moyen 
de detection. 

12. Systeme seion la revendlcation 11, dans lequel le 
moyen de detection comprend une source de lu- 
miere et un detecteur de lumiere agence pour de- 
tector la lumiere passant a travers ladite chambre 
de reception. 



13. Systeme seion la revendlcation 11 ou (a revendl- 
cation 12, dans lequel ledit moniteur comprend 
en outre un moyen de commando de systeme ad- 
20 jacent £ ladite chambre de direction d'dcoule- 
ment lorsque la cartouche est presente dans le 
moyen d'enregistrement pour verifier la presen- 
ce du liquide dans la chambre de direction 
d'dcoulement (130). 

25 

14 Systeme seion Tune des revendications 11 a 13, 
dans lequel le moyen de commando de systeme 
comprend une source de lumiere et un detecteur 
localise aux cdtds opposes de la cartouche lore- 
30 que la cartouche est presente dans ledit moyen 
d'enregistrement, dans lequel la lumiere emise 
par ladite source de lumiere passe £ travers la 
chambre de direction d'ecoulement d une locali- 
sation de trajet de lumiere et est detectee par ledit 
35 detecteur. 

15. Systeme seion Tune des revendications 11 £ 14, 
dans lequel le moniteur comprend un moyen de 
commando de systeme adjacent e ladite cham- 
40 bre de mesure de melange lorsque la cartouche 
est presente dans le moyen d'enregistrement 
pour verifier la presence du liquide dans la cham- 
bre de mesure de melange. 

46 16. Systeme seion I'une des revendications 11 a 15, 
dans lequel le moniteur choisit un programme se- 
ion lequel i I fait fbnettonner le moyen fbrmant van- 
ne en detectant un signal de la cartouche lorsque 
ladite cartouche est ins6ree dans le moniteur. 

50 

17. Systeme seion I'une des revendications 11 & 18, 
dans lequel {'emplacement de reception de di- 
luant dans la cartouche comprend une chambre 
de diluant (170) contenant le diluant contenu 
55 dans un recipient pouvant etre rompu (175) et la 
chambre de diluant comprend un orifice d'accfts 
(177) rendu etanche par un element d'6tanch6rt6 
flexible. 
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